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THE PREFACE OF THE EDITOB. 







' The wrffings of Mi^ii^^usoa have been 
long and justly distinguish^for their perspi- 
cinty and plainness* I{, seems t^ have been 
tli^ chief object of his labours to^iv#a fami 
life view of the various branches of physical 

science^ and to render tliem accessible to those 
•J » 

^^hp are not accustomed to math%iatical in- 

vAstigation ; ajid the favoi^rable reception wliich ^ 
hisi.works h^e every vjrhere experienced, are 
•satisfactory proofs that^e did not labour in 
vain. ••»^4- f I 

-•y he treasures of science had been long con- 
cealed in the recesses of algek)>qical formulae^ 
and geometrical discussion ; and men of ordi- 
nal^ capacitysjjere ffetfrred from pursuing 
thmn by the repulsive foi^ in wjiich tliey Avere 
displayed. There were some works, indeed, 
which, from the absence of mathematical rea- 
soning, may be regarded as exceptions to this: 

B . 
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general observation; but most of them wanted 
that perspicuity of style, that method of view- 
ing a difficult subject in different aspects, and 
that happy manner of illustrating the most ab- 
struse facts in mechanical philosophy by new 
and ingAfious exp^rrments, vvJkfUi the alitor 
of these llbtures ^ pninently pg^essed. Jif r. 
FergusoMflierefore,%ia|p, in some degree,%© 
regarded % the first elementary li^riter on na- 
tural philosophy|Mlm to his labours we must 
Tkttribute tib,t general diffusion of science 
knowledge ^ong tbfei|ractical inechanics <df 
this coimtrj^ which<*nil(s, in a ^at measifre, 
• banished those antiquated prejiMif es and erro- 
neous maxiii^ of consf^ction thift perpetual1h|| 
mislead thj/unlettered^rtist. ^ ^% 

But it is not merehrao the prajifre of a popn- 
ar writer tl^Mr. Ferpason is en||^led. WlAe 
he is illustrl^ng the d^coveries of othei*s, j^ 
''accommodatikg thenl|to the capjmj^s of hj^ 
readers, we are frequently intro^jtwed to invqfft- 
ions and imnjMllBments of his own. Many of 
Bese are w«lUknow^(Jsi the public/lnd while 
s5me of them Have bEil|3f gr^gi^^rvice to- 
perimental p^osopUr, they all evince an 
cfemmon shared of mechanical genius. To a 
sull higher commendation, hoAvever, our au- 
thor may justly lay claim- It has long been 



K 



tio] 
me 
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fashionable with a certain class of philoso- 
phers to keep the Creator totally out of view, 
when descanting on the noblest of his works. 
But Mr. Ferguson had not imbibed those 
jgloomy principles which steel the heart against 
its earliest and strongest impressions, and 
proihpt us to suppress those feelings of devo- 
tion and gratitude, which the structure and 
harmony of the universe are so fitted to in- 
spire. While benevolence and design are so 
clearly exhibited in the works, or in the phae- 
nomena, of nature, he dwells with delight up- 
on the goodness and wisdom of their Author j 
and never fails to impress upon the reader 
what is too apt to escape his notice, that the 
wonders of creation, and the various changes 
which the material world displays, are the re- 
sult of that unerring wisdom and boundless 
goodness, which are unceasingly exerted to 
promote the comfort and happiness of man. 

For these reasons, the present work has en- 
joyed an uncommon share of public patronage ; 
and we hesitate not to affirm, without the fear 
of contradiction, that no book upon the same 
subject has been so generally read, and so 
widely circulated, among all ranks of the com- 
munity. We perceive it in the workshop of 
every mechanic. We find it transfused into 
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the different EncyclopsBdias which this coun- 
try, has produced ; and we may easily trace it 
in those popular systems of philosophy which 
have .lately appeared. 

During the time which has elapsed since the 
publication of these lectures^ the boundaries 
of the arts and sciences have been gteatly en- 
larged .by many important discoveries and im- 
provements. These discoveries and improve^ 
ments it has been the object of the Bditor to 
communicate in the Notes^ or at greater length 
in the Appendix; and while he has endea- 
voured to introduce chiefly such subjects of 
practical importance^ as have either been 
slightly noticed, or wholly omitted, by out 
author, or which have arisen in the general 
progress of improvement, he flatters himself 
that Some of the articles of the Appendix are 
entirely new ; thjGit others contain information 
which is not generally known ; and that all of 
them, however inadequately executed, may be 
of some service in ^ commercial country like 
ours, which depends so much on ,the improve* 
inent of its manufactures, and the general pro- 
gress of the useful arts. 

The Editor has been solicitous to avail him- 
self as little as possible of the aid of mathema- 
tical re$tsoning : and lie is Qot awsM*e of having 
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introduced it much more frequently than the 
author himi^lf. He must except, however, 
the article on the Construction and Effect of 
Machines, which can only be thoroughly un- 
derstood by those who have studied the ele- 
ments of algebra, and the first principles of the 
fluxionary calculus. For this interesting pa- 
per, the Editor is indebted to Mr. John Les- 
lie, Professor of Mathematics in the University 
of Edinburgh, a philosopher of distinguished 
eminence, to whose discoveries science is 
deeply indebted, and whose friendship the 
Editor is pr«ad to acknowledge. 

In this Edition^ the plates have been re-en- 
graved ; and twelve new ones added to illus- 
trate the Appendix. The Tables of the Sun^s 
Place and Declination have been calculated 
anew from the latest solar tables. An accu- 
rate Table of the Equation of time has been 
inserted for the use of the practical dialist^ 
and other alterations and additions have been ' 
made, which the reader will perceive in the 
course of the work. 

D. B. 

Edinburgh^ July i, 1805. 
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Ever since the days of the Lord-chaii-< 
cellor Bacon^ natural philosophy hath been 
more and more cultivated in England. That 
great genius first set out with taking a general 
survey of all the natural sciences^ dividing 
them into distinct branches, which he enume- 
rated with great exactness. i£e enquired scru- 
pulously into the degree of knowledge already 
attainied to in each, and drew up a list of what 
still remained to be discovered. This was the 
scope of his first undertaking. Afterwards, he 
carried his views much farther, and showed 
the necessity of experimental philosophy, a 
thing never before thought of. As he was a 
professed enemy to mere systems, he consider- 
ed philosophy in no other point of view than 
as that part of knowledge which contributes to 
make men better and happier: he seems to 
limit it to the knowledge of things useful, re- 
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commending^ above all, the study of nature, 
and showing that no progress can be made 
therein, but ()y collecting facts, and comparing 
experiments, of which he points out a great 
number proper to be made. 

But notwitlistanding that the true path to 
science was thus exactly marked out, the old 
notions of the schools so strongly possessed 
people^s minds at that time, as not to be era- 
dicated by any opinions, how rationally soever 
advanced, until the illustrious Mr. Boyle, the 
first who pursued Lord Bacon's plan, began to 
put experiments in practice, with an assiduity 
equal to his great ' talents. Next the Royal 
Society being established, the true philosophy 
began to be the rCTgning taste of the age, and 
continues so to this day. 

The immortal Sir Isaac Newton insisted, 
even in his early years, that it was high time 
to banish vague conjectures and hypotheses, 
from natural philosophy, and to bring that sci- 
ence under an entire subjection to experiments 
and geometry. He frequently called it the ex- 
perimental philosophy^ so as to express signi- 
ficantly the difference between it and the num- 
berless systems which had arisen merely out 
of the conceits of inventive brains : the one 
subsisting no longer than the spirit of novfclty 



PREFACE. Xm 

lasts ; the other never failing while the nature 
of things remain unchanged. 

The method of teaching and laying the foun- 
dation of physics, by public courses of experi- 
ments, was first undertaken in this kingdom, I 
believe, by Dr. John Keill, and has since been 
improved and enlarged by Mr. Hauksbee, Dr. 
Desaguliers, Mr. Whiston, Mr. Cotes, Mr. 
Whiteside, Dr. Bradley, our late Regius and 
Savilian Professor of Astronomy, and Dr. 
Bliss his successor. Nor has the same been 
neglected by Dr. James, and Dr. David Gre- 
gory, Sir Robert Stewart, and after him Mr. 
Maclaurin. — Dr. Helsham in Ireland, Mes- 
sieurs Gravesande and Muschenbroek, and the 
Abbe NoUet in France^ have thereby also 'ac- 
quired just applause. 

The substance of my own attempts in thjis 
way of instrumental instruction, the following 
sheets (exclusive of the astronomical part) will 
show. The satisfaction they have generally 
given, read as lectures to different audiences, 
affords me some hope that they may still be 
favourably received in the same form by th^ 
public. 

I ought to observe, that though the last five 
lectures cannot be properly said to concern ex- 
perimental philosophy, I considered, however. 
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that they vrtw not of so different a elass^ but 
that they mighty without much impropriety^ be 
subjoined to the preceding ones. 

My apparatus (part of which is described 
here, and the rest in a former work*) is rather 
simple than magnificent, which is owing to a 
particular point I had in view at first setting 
but, namely, to avoid all superfluity, and to 
render every thing as plain and intelligible as 
I thought the subject would admit of. 

* Astronomy explained upon Sir Isaae Newton's principles* 
9nd made easy to tho^e who have not studied mathematics. 



A SHORT ACCOUNT 



OF THE LIFE OF THE AUTHOR. 



WRITTEN BY HIMSELF. 



AS this is probably the last book I shall 
ever publish,* I beg leave to prefix to it a 
short account of myself, and of the manner I 
first began, and have since prosecuted, my stu- 
dies. For, as my setting out in life from a 
very low station, and in a remote part of the 
island, has occasioned some false, and indeed 
very improbable, particulars to be related of 
me, I therefore think it the better waji^ instead 
of contradicting them, one by one, to ^ive a 
faithful and circumstantial detail of my whole 
proceedings, from my first obscure beginning 
to the present time : wherein, if I should 



* This account of Mr. Ferguson's life was originally prefixed 
to his Select Mechanical Exercises. He lived to publish another 
work, entitled, * The Art of Drawing in Perspective, made easy 
to those who have no knowledge of the mathematics.'-^E. £z>> 
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insert some particulars of little moment^ I hope 
the good-natured reader will kindly excuse 
me. 

I was born in the year 1740, a few miles 
from Keith, a little village in Bamffshire, in 
the nortli of Scotland ; and can with pleasure 
say, that my parents, though poor, were reli- 
gious and honest ; lived in good repute with . 
all who knew them, and died with good cha- 
racters. 

As my father had nothing to support a large 
family but his daily labour, and the profits ari- 
sing from a few acres of land which he re«ited, 
it was not to be expected that he could bestow 
much OH the education of his children : yet 
this was not wholly neglected ; for, at his lei- 
sure hours, he taught them to read and write* 
And it was while he was teaching my elder 
brother to read the Scotch Catechism that I 
acquired my reading. Ashamed to ask my 
father to instruct me, I used, when he and my 
brother were abroad, to take the catechism, 
and study the lesson which he had been teach- 
ing rsff brother : and when any difficulty oc- 
curred, I went to a neighbouring old woman, 
who gave me such help as enabled me to read 
tolerably well before my father had thought 
of teaching me. 

Some time after, he was agreeably surpri- 
sed to find me reading by myself. He there- 
uppn gave me further instruction, and jtlso 
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tanght me to write ; wliich^ with about three 
months I afterwards had at the grammar- 
school at Keith, was all the education J[ ever 
received. 

1 My taste for mechanic^ arose from a5i odd 
accident, — Whenjabout seven or eight years 
of age, a part oi the roof of the house being 
cayed, my father, desirous of mend^g it, 
plied a prop and Jever to an upright spar 
to raise it to its |brmer situation % and, to my 
great astonishmeht, I saiy him, without con- 
sidering the reaison, liffr up th^ ponderous 
root as 'if it hafl been a smal| weight, 1 
attilbutecl this at first to ^ degre*^ of strength 
thaf excited my terror as well • as wonder : 
but, thinking further of the master, I recol- 
lected that he hafl app^ed hii? strength to 
that end of the lever whiph was farthest from 
-the prop : and finding, ^n inquip^, that this 
was the means whereby^ the seeo^ing wohder 
was effected, I l^egan mkking levers (\wliich 
I: then called bars) ; and by applying we^hts 
to them.:differe»1^ ways, \ found! the power 
gained by my bar was jijst in proportion to 
tha^of the lengtb^ of the different- parts of the 
bar on ea^h side of J;he prJp. I then thought 
;. it was a great pity that, by means of this bar, 
' /rij:V a weight could be raised but a very little 
■•' ..'^V:..way. Oh this, I soon imagined, that, by 
• : - /' ^pulling round a wheel, the weight jmight be 
; ,V. ' ;'Tai3ed to any height, by tying a rope to the 
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weight; and winding the rope round the axle 
of the wheel ; and that the power gained must 
be ju^ as great as the wheel was broader than 
the axe was thick; d,nd found it to be exactly 
so, b^hangiug one weight ti|a rope wit roubd 
the wlieel, ahd anomer to A rope wit coile^ 
round the aale. Sp thatjlm these two maf- 
chinsl, it aj peared Ivery plain, that ) their ai 
vant^^ wa as a-eat^as the Bpwce go! 
through by he working pcfrver exceeden 
space gone Jirougli by the!|weight:: and .__. 
propirty I a so thoaght muS; take |flace in 'a 
wedae for t eaving! wood. jijBut thM I tap- 
pene^ not t( think jof the screw.— nt mlans 
of alturning lathe which my father, hadmnd 
somdtimes m ed, ana a little knife, | ' was eiia< 
bled to mat i wheels an#other things neces- 
sary for my ]urposA t- » 

I :hen. WH>te a slort acc6nnt of Ihese n^a- 
chii :s, andisketchep out figwes of wem wlt^ 
a p Dj imaaining iuto be tie first jp-eatisc ^f 
the kind tlat haa ever 
foui d my laistake when I 
it t ) a gentlemaif who ti 
thin ;s wer| known long b< 
me a- printed book|in wh^cl 
of. I was, howeyer, much {pieced v. hen I 
found, that my account (so far as I hud ci^^<| 
ried it) agreed with the principles ol nutlf-'*^ 
nics in the book he showed me: and fium tli 
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time my mind preserved a constant tendency 
to improve in the science of mechanics. 

Bnt^ as my father could not afford to main* 
tain me while I tvas in pursuit only of these 
matters^ and I was rather too young and weak 
for hard labour^ he put me out to a neighbour 
to keep sheep^ which I continued to do for 
some years : and in that time I began to study 
the stars in the night. In the day-time I amu- 
sed myself by making models of mills^ spin- 
ning-: wheels^ and such other things as I hap- 
pened to see. 

I then went to serve a considerable farmer 
in the neighbourhood^ whose name was James 
Glashan. I found him very kind and indul- 
gent; but he soon observed that, when my 
work was over, I went into a field with a 
blanket about me ; lay down on my back, and 
stretched a thread with small beads upon it, 
at arms' length, between my eye and the stars ; 
sliding the beads upon it till they hid such and 
isuch stars from my eye, in order to take their 
apparent distances from one another ; and then 
having a candle by me, and laying the thread 
down on a paper, I marked the stars thereon 
by the beads, according to their rei^ective po- 
sitions. My master at first laughed at me; 
but wheia I explained my meaning to him, he 
encouraged me to go on : and that I might 
make fair copies in the day-time of what I had 
done in the night, he ofteti worked for me 
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himself. I shall always have a respect for the 
memory of that man. 

One ^ day he happened to send me with a 
message to the Reverend Mr. John Gilchrist, 
minister at Keight^ to whom I had been known 
from my childhood. I carried my star-papers 
to show them to him^ and found him looking 
over a large parcel of maps^ which I surveyed 
with great pleasure, as they were the first I 
had ever seen. He then told me that the earth 
is round like a ball, and explained the map of 
it to me. I requested him to lend me that 
map, to take a copy of it in the evenings. He 
cheerfully consented, to this, giving me at the 
same time a pair of compasses, a rule, pens, 
ink, and paper; and dismissed me with an in- 
junction not to neglect my master's business 
by copying the map> which I might keep as 
long as I pleased. 

For this pleasant employment, my master 
gave me more time than I could reasonably 
expect ; and often took the threshing-flail out 
of my hands, and worked himself, while I sat 
by him in the barn, busy with my compasses, 
rule, and pen. 

When I had finished the copy, I asked 
leave to carry home the map : he told me I 
was at liberty to do so, and might stay two 
hours to converse with the minister. In my 
w^ay thither, I happened to pass by the school 
at which I had been before, and saw a genteel- 
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looking man (whose name I afterwards learn-* 
ed was Cantley) painting a suu-dial on the 
wall. I stopped a while to obser^^e him. The 
schoolmaster came out^ and asked me what 
parcel it was that I had under my arm. I 
showed him the map^ and the copy I had made 
of it, wherewith he appeared to be very well 
pleased ; and asked me whether I should not 
like to learn of Mr. Cantley to make sun-dials. 
Mr. Cantley looked at the copy of the map, 
and commended it much; telling the school- 
master (Mr. John Skinner) that it was a pity 
I did not meet with notice and encouragement. 
I had a good deal of conversation with him, 
and found him to be quite affable and commu- 
nicative J which made me tliink I should bje ex- 
tremely happy if I could be further acquainted 
with him. 

I then proceeded with the map to the minis-' 
ter, and showed him the copy of it. — While 
we were conversing together, a neighbouring 
gentleman, Thomas Grant, Esq. of Achoyna- 
ney, happened to come in ; and the minister 
immediately introduced me to him, showing 
him what I had done. He expressed great 
satisfaction, asked me some questions about 
the construction of maps, and told me, that if 
I would go and live at his house, he would 
order his butler, Alexander Cantley, to give 
me a great deal of instruction. Finding that 
this Cantley was the man whom I had seen 
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painting the sun-dial^ and of whom I had al- 
ready conceived a very high* opinion^ I told 
'Squire Grant, that I should rejoice to be at 
his house, as soon as the time was expired for 
whicli I was engaged with my present master. 
He very politely offered to put one in my 
place ; but this I declined. 

When the term of my servitude was out, I 
left .my good master, and went to the gentle- 
man's house, where I quickly found myself 
with a most humane good family. Mr. Cant- 
ley, the butler, soon became my friend, and 
continued so till his death. He w as the most 
extraordinary matn that I ever was acquainted 
with, or perhaps ever shall see ; for he was a 
complete master of arithmetic, a good mathe- 
matician, a master of music on every known 
ihstrument except the harp, understood Latin,^ 
French and Greek, let blood extremely well, 
and could even prescri.be as a physician upon 
any urgent occasion. He was what is gene- 
rally called self-taught; but, I think, he 
might, with much greater propriety, have been 
termed God Almighty's scholar. 

He immediately began to teach me decimal 
arithmetic, and algebra; for I had already 
learned vulgar arithmetic, from books, at my 
leisure hours. He then proceeded to teach 
me the elements of geometry ; but, to my in- 
' expressible grief, just as I was beginning that 
branch of science, he left Mr. Grant, and went 
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to the late earl of Fife's, at several miles' dis- 
tance. The good family I ^/as then with 
could not prevail with me to stay after he 
was gone; so I left them, and went to my 
father's. 

He had made me a present of Gordon's Ge- 
ographical Grammar, which, at that time, was 
to me a great treasure. There is no figure of 
a globe in it, although it contains a tolerable 
description of the globes, and their use. From 
this description I made a globe in three weeks 
at my father's, having turned the ball thereof 
out of a piece of wood ; which ball I covered 
with paper, and delineated a map of the world 
upon it ; made the meridian-ring and horizon 
of wood ; covered them with paper, and gra- 
duated them ; and was happy to find, that, by 
my globe (which was the first I ever saw) I 
could solve the problems. 

But this was not likely to afford me bread, 
and I could not think of staying with my fa- 
ther, who I knew full well could not maintain 
me in that way, as it would be of no service to 
him; and he had, without my assistance, hands 
sufficient for all his work. , 

I then went to a miller, thinking it would bq 
a very easy business to attend, the mill ; and 
ihat I should have a great deal of leisure time 
to study decimal arithmetic and geometry.-— 
But my master, being too fond of tipling at an 
ale-house, left the whole care of the mill to me, 
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and almost starved me for waut of victuals ; 
so that I was glad when I could have a little 
oat-meal mixed with cold water to eat. I was 
engaged for a year in this man's service, at the 
end of which I left him, and returned in a very 
weak state to my father's. 

Soon after I had recovered my former 
strength, a neighbouring farmer, who prac- 
tised as a physician in that part of the coun- 
try, came to my father's, wanting to have me 
as a labouring servant. My father advised 
me to go to Doctor Young, telling me that the 
Doctor would instruct me in that part of his 
business. This he promised to do, which was 
a temptation to me. But instead of perform- 
ing his promise, he kept me constantly to very 
hard labour, and never once showed me one 
of his books. All his servants complained 
that he was the hardest master they had ever 
lived with; and it was my misfortune to be 
engaged with him for half a year. But, at the 
end of three months, I was so much over- 
wrought, that I was almost disabled, which 
obliged me to leave him : and he was so un- 
,just as to give me nothing at all for the time I 
had been with him, because I did not complete 
iny half-year's service ; though he knew that 
I was not able, and had seen me working for 
the last fortnight as much as possible, with 
one hand and arm, when I could not lift the 
other from my side. And what I thought wa§ 
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particularly hard^ he never once tried to give 
me the least relief^ further than once bleeding 
me^ which rather did me hurt than good^ as I 
was very weak^ and much emaciated. I then 
went to my father's, where I was confined fw 
two months on account of my hurt, and de- 
spaired of ever recovering the use of my left 
arm. During all that time, the Doctor never 
once came to see me, although the distance 
was not quite two miles. But my friend, Mr. 
Cantley, hearing of my misfortunes at twelve 
miles distance, sent me proper medicines and 
applications, by means of which I recovered 
the use of my arm ; but found myself too weak 
to think of going into service again, and had 
entirely lost my appetite, so that I could take 
nothing but a draught of milk once a day, for. 
many weeks. 

In order to amuse myself in this low state, 
I made a wooden clock, the frame of which 
was also of wood ; and it kept time pretty 
well. The bell, on which the hammer struck 
the hours, was the neck of a broken bottle. 

Having then no idea how any time-keeper 
could go but by a weight and a line, I won- . 
dered how a watch could go in all positions ; 
and was sorry that I had never thought of ask- 
ing Mr. Cantley, who could very easily have 
informed me. But happening one day to see a 
gentleman ride by my father's house (which 
was close by a public road) I askeE him what 
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o'clock it then was. He looked at his watch, 
and told me. As he did that with so much 
good nature^ I hegged of him to show me the 
inside of his watch : and though he was an 
entire stranger^ he immediately opened the 
watch^ and put it into my hands. I saw the 
6pring<box with part of the chain round it^ 
and asked him what it was that made the box 
torn round. He told me that it turned round 
by a steel spring within it. Having then never 
seen any other spring than that of my fathei-'s 
gun-lock^ I asked how a spring within a box 
could turn the box so often round as to wind 
all the chain upon it. He answered, that the 
spring was long and thin ; that one end of it 
was fastened to the axis of the box, and the 
other end to the inside of the box'; that the 
axis was fixed, and the box was loose upon it. 
I told him I did not yet thoroughly understand 

the matter ^Well, my lad, says he, take a 

long thin piece of: whalebone, hold one end of 
it fast between your finger and thumb, and 
wind it round your finger : it will then endea- 
vour to unwind itself ; and if you fix the other 
. end of it to the inside of a small hoop, and 
leave it to itself, it will turn the hoop round 
and round, and wind up a thread tied to the 
outside of the hoop. I thanked the gentleman, 
and told him that I understood the thing very 
well. I then tried to make a watch with 
wooden wheels, and made the spring of whale- 
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bone; but found that I could not make the 
watch go, when the balance was put on, be- 
cause the teeth of the wheels were rather too 
weak to. bear the force of a spring sufficient to 
move the balance ; although the wheels would 
run fast enough when the balance was taken 
off. I inclosed the whole in a wooden case, 
very little bigger than a breakfast tea-cup: 
but a clumsy neighbour one day looking at my 
watch, happened to let it fall ; and turning 
hastily about to pick it up, set his foot upon it, 
. and crushed it all to pieces ; which so pro- 
voked my father, that he was almost ready to 
beat the man ; and discouraged me so much, 
that I never attempted to make such another 
machine again, especially as I was thoroughly 
convinced I could never make one that would 
be of any real use. 

As soon as I was able to go abroad, I car- 
ried my globe, clock, and copies of some other 
maps besides that of the world, to the late Sir 
James Dunbar, of Durn (about seven miles 
from where my father lived), as I had heard 
that Sir James was a very good-natured, 
friendly, inquisitive gentleman. He received 
me in a very kind manner, was pleased with 
what I showed him, and desired I would clean 
his clocks. This, for the first time, I attempt- 
ed ; and then began to pick up some money in 
that way about the country, making Sir James's 
house my home, at his desire. 
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Two large globular stones stood on the top 
of his gate ; on one of them I painted (with 
oil colours) a map of the terrestrial globe, and 
on the otl^r a map of the celestial^ from a 
planisphere of the stars which I copied on 
paper from a celestial globe belonging to a 
neighbouring gentleman. The poles of the 
painted globes stood toward the poles of the 
heavens ; on each, the twenty-four hours were 
placed around the equinoctial, so as to show 
the time of the day when the sun shone out, by 
the boundary where the half of the globe at 
any ^jtime enlightened by the sun was parted 
from the other half in the shade : the enlight- 
ened parts of the teiTCstrial globe answering 
to the like enlightened parts of the earth at all 
times. So that, whenever the sun shone on the 
globe, one might see to what places the sun 
was then rising, to what places it was setting, 
and all the places where it was then day or 
night, throughout the earth. 
During the time I was at Sir Jameses hos- 
, pitable house, his sister, the honourable the 
Lady Dipple, came there on a visit, and Sir 
James introduced me to her. She asked me 
whether I could draw patterns for needle- 
work on aprons and gowns. On showing me 
some, I undertook the work, and drew several 
for her, some of which were copied from her 
patterns, and the rest I did according to my 
own fancy. On this, I was sent for by other 
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ladies in the country^ atid began to think my- 
self growing very rich by the money I got for 
such drawings j out of which I had the plea- 
sure of occasionally supplying the wants of my 
poor father. 

Yet all this while I could not leave off star* 
gazing in the nights^ and taking the places of 
the planets among the stars by my above- 
mentioned thread. By this 1 could observe 
how the planets changed their places among 
the stars^ and delineated their paths on the 
celestial map, which I had copied from the 
above-mentioned celestial globe. 

By observing what constellations the eclip- 
tic passed through iir that map, and comparing 
these with the scarry heavens, I was so im- 
pressed as sometimes to imagine I saw the 
ecliptic in the heavens, among the stars, like 
a fatoad circular road for the sun^s appar mt 
course^ and fancied the paths of the planets 
to resemble the narrow ruts made by cart' 
wheels, sometimes on one side of a plain road 
and sometimes on the other, crossing the road 
at small angles, but never going far from either 
side of it. • 

Sir James's house was full of pictures and 
prints, several, of which I copied with pen and 
ink : this made hi^ think I might become a 
painter* 

Lady Dipple had been but a few w^eks there^ 
when William Baird, £sq« of Auchmeddiu; 
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came on a visit : he was the hushand of ou6 
of that lady's daughters^ and I found him to 
be very ingenious and communicative : he in- 
vited me to go to his house and stay some time 
witli him^ telling me that I should have free 
access to his library, which was a very large 
one ; and tliat he would furnish me with all 
sorts of implements for drawing. I went thi- 
ther, and staid about eight months ; but was 
much disappointed in finding no books of as- 
tronomy in his library, except what was in the 
two volumes of Harris's Lexicon Technicum, 
although there were many books on geography 
and other sciences : several of these indeed 
w^ere in Latin, and more in French ; these be- 
ing languages that I did not understand, I had 
recourse to him for what I wanted to know- of 
these- subjects, which he cheerfully read to 
me ; and it was as easy for him, at sight, to 
read English from a Greek, Latin, or French 
book, as from an English one. He furnished 
me with pencils and Indian ink, showing me 
how to draw with them : and although he had 
but an indifferent hand at that work, yet he 
was a very acute judge ; and consequently a 
very fit person for showing me how to correct 
my own work. He was the first who ever sat 
to me for a picture ; and I found it was much 
easier to draw from the life than from any pic- 
ture whatever, as nature was more striking 
than any imitation of it. 
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Lady Dipple came to his house in about half 
a year after I went thither. And as they thought 
I had a genius for painting, they consulted to- 
gether about what might be the best way to put 
me forward. Mr. Baird thouglit it would be 
no difficult matter to make a collection for me 
amoftgHiie neighbouring gentlemen, to put me 
to a painter at Edinburgh : but he found, upon 
trial, that nothing worth the while could be 
done among them. And as to himself, he 
could not do much that way, because he had 
but a small estate, and a very numerous fa- 
oily. 

Lady Dipple then told me that she was to 
go to Edinburgh next spring, and that if I 
would go thither, she would give me a year's 
bed and board at her house gratis^ and make 
all the interest she could for me among her 
acquaintance there* I thankfully accepted of 
her kind oflfer ; and instead of giving me one 
year she gave me two. I carried with me a 
letter of recommendation from the Lord Pitsli- 
go (a near neighbour of 'Squire Baird's) to 
Mr. John Alexander, a painter in Edinburgh ; 
who allowed me to pass an hour every day at 
his house, for a month, to copy from his draw- 
ings ; and said he would teach me to paint in 
oil-colours, if I would serve him seven years, 
and my friends would maintain me all that 
time : but this was too much for me to desire 
them to do ; nor did I chuse to serve so long* 
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I was then recommended to other painters^ but 
they would do nothing without money. So I 
was quite at a loss what to do. 

In a few days after this, I received a letter 
yof recommendation from my good frienft ^Squire 
Baird to the Reverend Dr, Robert Keith at 
JBdinburgh, to whom I gave an account of my 
bad success among the painters there. He 
told me, that if I would copy from nature, I 
might do without their assistance, as all the 
rules for drawing signified but very little when 
one came to draw from the life ; and, by what 
he had 'Seen of my drawings brought from the 
north, he judged I might succeed very well in 
drawing pictures from the life, in Indian ink, 
ton vellum. He then sat to me for his own 

■ 

^picture, and sent me with it and a letter of re- 
commendation to the right honourable the Lady 
iJane Douglas, who lived with her mother, the 
Marchioness of Douglas, at Merchiston-house, 
near Edinburgh. Both the Marchioness and 
Lady Jane behaved to me in the most friendly 
manner, on Dr. £Leith's account, and sat for 
their pictures; telling me at the same time, 
that X was in the very room in which Lord 
Napier invented and computed the logarithms ; 
and that, if I thought it would inspire me, I 
should always have the same room, whenever 
I eame to Merchiston. I staid there several 
days, and drew several pictures of Lady Jane, 
pf whom it was hard to say, whether the great- 
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ness of her beauty or the goodness of her tern- 
per and disposition, was the most predomi-' 
nant. She sent these pictures to ladies of her 
acquaintance, in order to recommend me io 
them ; by which means I soon had as much 
business as I could possibly manage, so as not 
only to put a good deal of money in my own 
pocket, but also to spare what was sufRcient to 
help to supply my father and mother in their 
old age. Thus a business was providentially 
put into my hands, which I followed for six- 
and-twenty years. 

1 Lady Dipple being' a woman of the strictest 
piety, hept a watchful eye over me at first, and 
made me give her an exact account at night of 
what families I had been in throughout the 
day, and of the money I had received. She 
took the money each night, desiring I would 
keep an account of what X had put into her 
hands ; telling me that I should duly have out 
of it, what I wanted for clothes, and to send to ' 
my father. But, in less than half a year, she 
told me that she would thenceforth trust me 
with being my own banker ; for she had made 
a good deal of private inquiry how I had be« 
haved when I was out of her sight through 
the day ; and was quite satisfied with my con- 
duct. 

During my two years' stay at Edinburgh, I 
somehow took a violent inclination to study 
anatomy, surgery, and physic, all from read- 
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ing of books^ and conveifsing with gentlemen^ 
on these subjects ; which^ from that time^ put 
all thoughts of astronomy out pf my mind^ and 
I had no inclination to become acquainted with 
any one there who taught either mathematics 
or astronomy : for nothing would serve me but 
to be a doctor. 

At the end of the second year, I left Edin- 
burgh, and went to see my father, thinking my- 
self tolerably well qualified to be a physician 
in that part of the country ; and I carried a 
good deal of medicines, plasters, &c. thither. 
But to my mortification, I soon found that all 
my medical theories and study were of little 
use in practice. And then, finding that very 
few paid me for the medicines they had, and 
that I was far from being so successful as I 
could wish, I quite left off that business, and 
began to think of taking to the more sure one 
of drawing pictures again. For this pui-pose 
I went to Inverness, where I had eight months 
business. 

When I was there^ I began to think of 
astronomy again ; and was heartily sorry for 
having quite neglected it at Edinburgh, where 
I might have improved my knowledge by con- 
versing with those who were very able to as- 
sist me. I began to compare the ecliptic with 
its twelve signs (through which the sun goes 
in twelve months) to the circle of twelve hours 
on the dial-plate of the watch, the hour-hand 
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to the suD^ and the minute-hand to the moon^ 
moving in the ecliptic ; the one always over- 
taking the other at a place forwarder than it 
did at their last conjunction before. On this^ 
I contrived and finished a scheme on paper for 
showing the motions and places of tlie sun and 
moon in the ecliptic on each day of the year, 
perpetually ; and consequently the days of all 
the new and full moons. 

To this I wanted to add a method for show- . 
ing the eclipses of the sun and moon ; of which 
I knew the cause long before, by having ob- 
served that the moon was, for one half of her 
period, on the north side of the ecliptic, and 
for the other half, on the south. But having 
not observed her course long enough among 
the stars by my above-mentioned thread, so as 
to delineate her path upon my celestial map, 
in order td find the two opposite points of the 
ecliptic in which her orbit crosses it, I was al- 
together at a loss how and where in the eclip- 
tic (in my scheme) to place these intersecting 
points : this was in the year 1739. 

At last, I recollected, that when I was witli 
^Squire Grant, of Achoynaney, in the year 
1730, I had read, that on the 1st of January, 
1690, the moon's ascending node was in the 
10th minute of the first degree of Aries ; and 
that her nodes moved backward through the 
whole ecliptic in 18 years and SS4^ days, which 
was aiJthe rate of 3 min. 11 sec. every S4« hours. 
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he told mc lie never had openfed it; and I 
could easily perceive that it could not be 
opened but by the hand of some ingenious 
clock-maker, and not without a great deal of 
time and trouble. 

x\.fter a great deal of thinking, and calcula- 
tion, I found that I could contrive the wheel- 
work for turning the planets in such a machine, 
and giving them their progressive motions ; 
but should be very well satisfied if I could 
' make an orrery to 'show the motions of the 
edrth and moon, and of the sun round its axis. 
I then employed a turner to make me a suffi- 
cient number of wheels and axles, according 
to patterns which I gave him in drawing : and 
after having cut the teeth in the wheels by a 
knife, and put the whole together, I found that 
it answered all my expectations. It showed 
the sun^s motion round its axis, the diurflal 
and annual motions of tlie earth on its inclined 
axis, which kept its parallelism in its whole 
course round the sun ; the motions and phases 
of the moon, with the retrogade motions of the 
nodes of her orbit ; and consequently, all the 
variety of seasons, the diflTerent lengths of days 
and nights, the days of the new and full moons, 
and eclipses. 

When it was all completed, except the lox 
that covers the wheels, 1 showed it to Mr. 
Maclaurin, .who commended it in presence of 
a great many young gentlemen who attended 
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his lectures. Ife dcsir^ me to read them a 
lecture on it,- which I did without hesitation, 
seeing I had no reason to be afraid of speak- 
ing before a great and good man who was my 
friend. Soon after that I sent it in a present to 
the reverend and in?;enious Mr. Alexander Ir- 
vine, one of the ministers at Elgin in Scotland. 

I then made a smaller and neater orrery, of 
which all the wheels were of ivory, and I cut ■ 
the teeth in them with a file. This was done 
in the beginning* of the year 1743 ; and, in 
May that year, I brought it with me to Lon- 
don, where it was soon after bought by Sir 
Dudley Rider. I have made six orreries since 
that time, and there are not any two of thejm 
In which the wheel-work is alike ; for I could 
jttever bear to copy one thing of that kind from 
another, because I still saw there was great ■ 
room for improvements. 

I had a letter of recommendation from Mr. 
Baron £dlin, at Edinburgh, to the Right Hon. 
Stephen Poyntz, Esq. at St. James's, who liad 
been pifeceptor to his Royal Highness the late 
Duke of Cumberland, and was well known to 
be possessed of all the good qualities that can 
adorn a human mind. To me his goodness 
was really beyond my power of expression; 
and I had hot been a month in London till he 
informed me that he had written to an eminent 
professor of mathematics to take me into hi^ 
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house^ and givfe me board aild lodgings with 
all proper instruction* to qualify, me for teach- 
. Hig a mathematical school he (Mr, Poyntz) 
had in view for n^ej and would get me settled 
in it. This I should have liked very well, 
especially as I began to be tired of drawing 
pictures, in which, I confess, I never strove to 
excel, because ihy mind was still pursuing 
, things more agreeable. He soon after told me 
he had- just received an Answer from the ma- 
thematical ' master, desiring I might be sent 
immediately to him, On hearing this, I told 
Mr, Poyntz, that I did not know how to main- 
tain my wife during the time I must be under 
"the master's tuition* What, says he, are you 
. a married man ? I told him I had been so^ 
ever since May, in the year 1739. He said 
he was sorry for it, because it quite defeated 
his scheme.; as the mai^ter of the school, he 
had in view for me, must be a bachelor. 

He then asked me, what business I intended 
to follow ? I answei'ed, that I knew of none 
besides that of drawing pictures. On this, he 
desired me to draw the pictures of his lady and 
children, tha,t he might ^how them, in order to 
recommend ine to others; mid told me, that, 
when I was out of business, I should come to 
him, and he w^ould find me as much as he 
could ! and J soon* found as much as I could 
execute 3 but he died in a few years after, to 
|ny inexpressible grief 
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8oon afterward^ it appeared to me^ that al- 
though the moon goes round the eartli^ and 
that the sun is far on the outside of* the moon's 
orbit^ yet the- moon's motion must be in a line, 
that is always concave towards the sun : and 
upon making a delineation^ representing her 
absolute path in the heavens^ I found it to be 
really so. I then made a simple machine for 
delineating both her path and the earth's^ on 
long paper laid on the floor. " 1' carried the 
machine and delineation to the late Martin 
Folkes, Esq. President of the Royal Society^ 
on a Thursday afternoon. He expressed great 
satisfaction at seeing it^ as it was a new disco- 
very ; and took me that evening with him to 
the Royal Society, where I showed the deli- 
neation, and the method of doing it. 

When the business of the society was over, 
one of the members desired me to dine with 
him next Saturday at Hackney; telling me 
that his name was EUicott, and that he was a 
watchmaker, 

' I accordingly went to Hackney, and was 
kindly received by Mr. John EUicott, who 
then showed me the. very same kind of deline- 
ation, and part of the machine by which he 
had done it ; telling me he had thought of it 
twenty years before, I could easily see, by. 
the colour of the paper, and of the ink-lines 
upon it, that it must have been done many 
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years before I saw it. He thtu, told me what 
was very certain, that he had neither stolen 
the thought from me, nor had I from him. 
•And from that time till his death, Mr. Ellicott 
was one of my best friends. The figure of this 
machine and delineation is in the seventh plate 
of my book of astronomy- 
Soon after the style was changed, I had my 
rotula new .gngraved; but have neglected it 
too much by not fitting it up and advertising 
it. After this, I drew out a scheme, and had 
it engraved, for showing all the problems of 
the rotula except the eclipses : and, in place 
of that, it shows the times of the rising and 
setting of the sun, moon, and stars'; and the 
positions of the stars for any time of the night. 
In the year 174^7^ I published a dissertation 
on the phenomena of the harvest-moon, with 
the description of a new orrery, in which there 
are only four wlieels. But having never had 
a grammatical education, nor time to study the 
rules of just composition, I acknowledge that 
I was afraid to put it to the press ; and for the 
same cause I ought to have the same fears 
still. But having the pleasure to find that this 
my first work was not ill received, I was em- 
boldened to go on, in publishing my Astrono- 
my, Mechanical Lectures, Table and Tracts 
relative to several Arts and Sciences, the 
Young Gentleman and Lady's Astronomy, a 
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^mall Treatise on Electricity, and my Select 
Mechanical Exercises, 

In the year 1748, 1 ventured to read lectureiJ 
on the eclipse of the sun that fell on the 14th 
of July in that year. Afterwards I began to 
read astronomical lectures on an orrery which 
I made, and of which the figures of all the 
wheel-work are contained in the sixth and se- 
venth plates of my Mechanical Exercises. I 
next began to make an apparatus for lectures 
on mechanics, and gradually increased the ap- 
paratus for other parts of experimental philo- 
sophy, buying from others what I could not 
make for myself, till I brought it to its present 
state. I then entirely left off drawing pictures, 
and employed my-^lf in the much pleasanter 
business of reading lectures on mechanics, hy- 
drostatics, hydraulics, pneumatics, electricity, 
and astronomy : in all which, my encourage- 
ment has been greater than I could have ex- 
pected. 

The best machine I ever contrived is the 
eclipsareon^ of which there is a figure in the 
thirteenth plate of my astronomy. It shows 
the time, quantity, duration, and progress, of 
solar eclipses at all parts of the earthl My 
next best contrivance is the universal dialling- 
cylinder, of which there is a figure in the 
eighth plate of the Supplement to my Mecha- 
nical Lectures. 



Xliv AN ACCOUNT OF THE 

It is now thirty years since I came to Lon- 
don^ and daring all that time I have met with 
the highest instances of friendship from all 
ranks of people both in town and countiy, 
which I do here acknowledge with the utmost 
respect and gratitude ; and i)articularly tlie 
goodness of our present gracious sovereign^ 
who, out of his privy purse, allows me fifty 
pounds a year, which is regularly paid, with- 
out any deduction. 



TO the preceding account of Mr. Fergu- 
son's life, it may be proper to add, that he was 
elected a member of the Royal Society of Lon- 
don, without paying the usual fees of admis- 
sion. This honour, never before conferred on 
a British philosopher, was reserved, for such 
foreigners only as were distinguished by their 
philosophical and literary attainments, and 
. strongly marks the estimation in which Mr. 
Ferguson was held by that learned body. His 
lectures on experimental philosophy were fre- 
quently honoured with the presence of our 
gracious sovereign, who took great pleasure in 
conversing with Mr. Ferguson upon scientific 
subjects, and distinguished him by numerous 
marks of his royal favour. While lie was 
thus enjoying in the evening of his da^s, the 
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respect of philosophers^ and the favour of his 
king^ he was afflicted with a lingering illness^ 
and closed his useful and honourable life on 
the 16th of Nqvember, I766, in the 66th year 
of his age. 

Mr. Ferguson possessed a clear judgment^ 
and inFfts capable of thinking and writing on 
philosophical subjects with great accuracy and 
prei&ision. He had a peculiar talent for sim- 
plifying what was complex^ for rendering in- 
telligible what was abstracted^ and for bring- 
ing down to the lowest capacities what was 
naturally above them. His unwearied assi- 
duity in the acquisition of knowledge^ may be 
inferred from the great variety of his publica- 
tions ; and when we reflect upon the very un« 
favourable circumstances in which he was ed- 
ucated^ and the little assistance which he re- 
ceived from others^ we cannot fail to wonder 
at the style in which all his works are com* 
posed. In his manners he was affable and 
mild; in his disposition communicative and 
benevolent. He was characterised by none of 
those peculiarities of temper^ or eccentricities 
of conduct^ which we generally observe in li- 
terary men. If Mr. Ferguson had any foibles^ 
they ^leaned to virtue's side;' and even his 
wonderful simplicity of character^ which^ in a 
state of artificial manners^ is too apt to be re- 
garded as a failings and subjected to ridicule 

G 
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and scorn, tended only to heighten the respect 
in which he was constantly held. In the reli- 
gious character of our author, there is still 
more to admire. The anxieties and changes 
of his eventful life never effaced the religious 
impressions of his youth, but rather strength- 
ened those principles of duty which the piety 
of his parents had early implanted j and con- 
firmed him in the belief of those peculiar doc- 
trines of our faith, which are the surest foun- 
dation of moral practice, and best fitted to in- 
spire us with happiness and hope, when the 
concerns of the present life shall interest us tiQ 
more^ With such a character, and under such 
impressions, Mr. Fergusoi^ lived and died; 
^nd while we respect his talents and admire 
his virtues, may it be our first wish to imitate 
:^s example, and follow in his steps. — £. Ed« 
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LECTURES 
OJV SELECT SUBJECT^. 



Lecture u 
Of Matter and its Properties. 

AS the design of the first part of thiil 
eourse is to explain and demonstrate those 
laws by which the material universe is govern- 
ed^ regulated and continued ; and by which the 
various appearances in nature ar6 accounted 
for; it is requisite to begin with explaining 
the properties- of matter^ 

By the word matter is here meant every thing Matter 
that has length, breadth, and thickness, and^^^^* 
resists the touch. 

The* inherent properties of matter are solidi- ita proper- 
ty, injtctivity^ mobility^ and divisibility.* ^'^** 

The solidity of matter arises from its having Solidity, 
lengthy breadth, and thickness ; and hence it is 
that all bodies are comprehended under some 
determinate shape, and that each particular bo- 
dy hinders all others from occupying the sam^ 
part of space which it possesses. Thus, if a 
piece of wood or metal be pressed ever so hard 
between two plates^ they cannot be brought into 
contact. Nay^ even water or air has this pro- 
perty ; for, if a small quantity of either be fixed 

• Some late writers have made the general properties of mat- 
ter amount to twelve, namely, exteniion^ dlvisiUUty, fi^UrabiUtt^^ 
impehetPubility, porosity, rarefactibility, condensibiliti/, compreasiUU- 
ty, elasticity, dilatibiUty, tnobility, inactivity. It was formerly thought 
that water was incompressible, and that many bodies were not 
elastic. The compressibility of water, however, is now complete- 
ly ascertained, and the softest bodies, even clay itself, have beett 
loimd elastic. — £. Ed* 



S Of the Properties of Matter. 

between any other bodies^ they cannot be 
brought to touch one another. 
Inactivity. A sccoud property of matter is inactivity ^ or 
passiveness ; by which it resists any change of 
state, whether of rest or motion. And there- 
fore, if one body contains twice or thrice as 
much matter as another, it will have twice or 
thrice as much inactivity ; that is, it will re- 
quire twice or thrice as much force to give it 
an equal degree of motion, or to stop it after it 
has acquired such a motion. 

That matter can never put itself into motion is 
allowed by all men. For they see that a stone, 
lying on the plane surface of the earth, never 
removes itself from that place, nor does any one 
imagine it ever can. But most people are apt 
to believe that all matter has a propensity to 
fall from a state of motion into a state of rest ; 
because they see that if a stone or a cannon-ball 
be put into ever so violent a motion, it soon 
stops; not considering that this stoppage is 
caused, 1. By the gravi^ or weight of the body, 
which sinks it to the ground in spite of the im- 
pulse ; and, S. By the resistance of the air 
through which it moves, and by which its velo- 
city is retarded every moment till it falls down. 

A bowl moves but a short way upon a bowl- 
ing-green ; because the roughness and uneven- 
ness of the grassy surface soon create friction 
enough to stop it. But if the green were per- 
fectly level, and covered with polished glass 
perfectly hard, and the bowl were also perfectly 
hard, round, and smooth, it would go a great 
way farther : as it would have nothing but the 
air to resist it; if then the air were taken 
away, the bowl would go on without any fric- 
tion, and consequently without any diminution 
of the velocitj'^ it had at setting out : and there- 
fore, if this polished surface were extended 
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quite round the earth, the bowl would go on, 
round and round the earth, for ever. 

If the bowl were carried several miles above 
the earth, and there projected in a horizontal 
direction, with such a velocity as would make 
it move more than a semidiameter of the earth, 
in the time it would take to fall to the earth by 
gravity ; in that case, and if there were no re- 
sisting medium in the way, the bowl would not 
fall to the earth at all ; but would continue to 
circulate round it, keeping always in the same 
tract, and returning to the same point from 
which it was projected, with the same velocity 
as at first. In this manner the moon goes round 
the earth, although she is as inactive or dead 
as any stone upon it. 

The third property of matter is mobility f for MobiUty. 
we find that all matter is capable of beins mov- 
ed, if a sufficient degree of force be applied to 
owrcome its inactivity or resistance. 

The fourth property of matter is divisibility^ nivisibi^ 
of which there can be no end. For, since mat- ' ' 
ter can never be annihilated by cutting or break- 
ing, we can never imagine it to be cut into sucU 
small particles, but that if one of them be laid 
on a table, the uppermost side of it will be 
further from the table than the undermost side. 
Moreover, it would be absurd to say that the 
greatest mountain on earth has more halves, 
quarters, or tenth parts, than the smallest par- 
tide of matter. 

We have many surprising instances of the 
smallness to which matter can be divided by 
art : of these the two following are very re- 
markable : 

1. If a pound of silver be melted with a single 
grain of gold, the gold will be equally diflused 
through the whole silver ;• so that taking one 
grain from any part of the mass (in which there 
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can be no more than the 5760th part of a graitl 
of gold) and dissolving it in aqua fortiSy the 
gold will fall to the bottom. 

2. The gold-beaters can extend a grain of gold 
into a leaf containing dO square inches ; and this 
leaf may be divided into 500^000 visible parts. 
For an incii in length can be divided into 100 
parts, every one of which will be visible to the 
bare eye : consequently a square inch can Im 
divided into 10,000 parts, and 50 square inches 
into 500,000. And if one of these parts be 
viewed with a microscope that magnifies the 
diameter of an olyect only ten times, it will 
magnify the area 100 times ; and then the 100th 
part of a 500,000th part of a grain (that is, the 
50 millionth part) will be visible. Such leaves 
are commonly used in gilding ; and are so very 
thin, that if 124,500 of them were laid upon one 
another, and pressed together, the whole would 
ri'ot exceed one inch in thickness. 

Yet all this is nothing in comparison of the 
lengths that nature goes in the division of mat- 
ter. For Mr. Leewenhoek tells us, that there arc 
more animals in the milt of a single cod-fish^ 
than there are men upon the whole earth : and 
that, by comparing these animals in a micro- 
scope wit]] grains of common sand, it appeared 
tliat one single grain is bigger than four millions 
of them. Now each animal must have hearty 
arteries, veins, muscles, and nerves, otherwise 
it could neither live nor move. How incon-* 
ceivably small then must the particles of their 
blood be, to circulate through the smallest rami- 
fications and joinings of their arteiies and veins ! 
It has been found by calculation, that a parti- 
cle of their blood must be as much smaller than 
a globe of tlie tenth part of an inch in diameter^ 
as that globe is smaller than the whole earth ; 
and yet, if these particles be compared with the 
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^particles of lights they will be found to exceed ^^'b l 
tbem as much in bulk as mountains do single 
grains of sand. For, the force of any body 
striking against an obstacle is directly in pro- 
portion to its quantity of matter multiplied into 
its velocity ; and siince the velocity of the par- 
ticles of light is demonstrated to be at least a 
million times greater thaathe velocity of a can- 
non-ball, it is plain, that if a million of ^these 
particles were as big as a single grain of sand, 
we durst no more open our eyes to the light, 
than we durst expose them to sand shot point- 
blank from a cannon. 

That matter is infinitely divisible, in a mathe^ig. i. 
matical sense, is easy to be demonstrated. For, 
let JlB be the length of a particle to be divided ; 
and let it be touched at opposite ends by the 
parallel lines CD and JEjP, which, suppose to be 
infinitely extended beyond D and F. Set ojff The infi- 
the equal divisions JBG, GH, HI, &c. on the ^^^fn^^'^V 
line EF. toward the risrht hand from B : and matter 
take a point, as at JK, any where toward the left ^"^ 
]iand from «^, in the line CD: Then, from this 
point, draw the right lines RG, RH, RI, &c. 
each of which will cut off a part from the par* 
tide 9AB. But after any finite number of such 
lines are drawn, there will still remain a part, as 
•flP, at the top of the particle, which can never 
be wholly cut off : because, the lines DR and 
EF being parallel, no line can ever be drawn 
from the point R to any point of the line EF 
that will coincide with the line RD. There- 
fore the particle AB contains more than any 
finite number of parts.* 

A fifth property of matter is attraction, which Aitrac- 
seems rather to be infused than inherent. Of ^^^"' 

• The above reasoning is merely ideal, and only shews, that 
we can conceive extension to be infinitely divisible. The doctrine 
pf the infinite divisibility of matter is incapable of proof. — £;. £s, 
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this there are four kinds^ viz. cohesion^ gravi- 
tatioriy magnetism^ and electricity.^ 
Cohesion. The attraction of cohesion is that by which 
the small parts of matter are made to stick and 
cohere together. Of these we have several in- 
stances^ some of which follQW. 

1. If a small glass tube^ open at both ends^ 
be dipt into a bason of water, the water will rise 
' up in the tube to a considerable height above its 
level in the bason ; which must be owing to the 
attraction of a ring of particles of the glass all 
round in the tube, immediately above those to 
which the water at any instant rises. And when 
it has risen so high, that the weight of the co- 
lumn balances the attraction of the tul)e, it rises 
no higher. This can be nowise owing to the 
pressure of the air upon the water in the bason ; 
for, as the tube is open at top, it is full of air 
above the water, which will press as much up- 
on the water in the tube as the neighbcmring air 
does upon any column of an equal diameter in 
the bason, t Besides, if the same experiment be 
made in an exhausted receiver of the air-pump, 
there will be found no difference.J 

* Besides these there are two other kinds of attraction, name- 
ly, the attraction of afforestation, and the attraction of cofnpoation 
or affinity. The tendency of the homogeneous parts of matter to 
each otlier, or the force by which they adhere, is called the at* 
traction of a^ffreffation s and the force which is exerted between 
the particles of heterogeneous bodies, and by which they unite 
and form a body differing more or less from its component partSj 
is called the attraction of compoaition or affinity. — E.*Ed. 

The attraction of cohesion, according to the author's account 
of.it, includes what in the above note is caUed the attraction of 
aggregation.^^ \ . E d. 

t An experiment more curious, and better fitted for illustrating 
this subject, may be made in the.fbllowing manner. Having pro- 
cured two pieces of glass, about six inches square, join any two of 
their sides, and separate the opposite sides with a piece of wax, 
so that their surfaces may form an angle of about two or three 
degrees. Immerse this apparatus about an inch deep in a bason 
of water, and the water will rise between the plates of glass; 
and form a beautiful hyperbola, having for its asymptotes a liner 
parallel to the surfare of the water, and the common section of 
the two planes >—E. Ed. 

t The cause of this remarkable phienomenbn is not yet deter- 
mined. Some philosophers Mcribe the jmspeaslfiii of the eolumm 
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2. A piece of loaf-sugar will draw up a fluids 
land a spunge will draw in water : and on the 
same principle sap ascends in trees.* 

3. If two drops of quicksilver be placed near 
each other, they will run togctlier and become 
one large drop. 

4. If two pieces of lead be scraped clean, and 
pressed together with a twist, they will attract 
each other so strongly, as to require a force 
much greater than their own weight, to sepa- 
rate them. And this cannot be owing to the 
pressure of the air, for the same thing will hold 
in an exhausted receiver. 

5. If two polished plates of marble or brass 
be put together, witli a little oil between them 
to fill up the pores in their surfaces, and prevent 
the lodgement of any air ; they will cohere so. 
strongly, even if suspended in an exhausted 
receiver, that the weight of the lower plate will 
not be able to separate it from the upper one. 
In putting th^se plates together, the one should 
be nibbed upon the other, as a joiner does two 
pieces of wood when he glues them.f 

6. If two pieces of cork, equal in weight, be 
put near each other in a bason of water, they will 
move equally fast toward each other with an ac- 

of water to a diminution of its gravity, by its adherence to the 
tube, or by friction. Dr. Irvine, (Phil. Trans. No. 355, 3(io, Art. 
3.) supposes, with our autlior, that the rise of the water is pro- 
duced by the action of the ring* of glass contiguous to the top of 
the column. Dr. Hamilton maintains, that the water in the tube 
is supported by the action of the ring of glass contiguous to tlie 
bottom of the tube. And Cavallo imagines, that the whole surface 
of the glass, which is in contact with tl)e column of water, is - 
concerned in supporting the water in tlic tube. — E. Ed. 

• The ascent of the sap in trees cannot thus be satisfactorily 
explained. For on this principle, why should not the phenome- 
non occur in winter as well as in summer, in a dead tree as v\ell 
as in a living one ? A peculiar operation of vegetable life, a prin- 
ciple perhaps not well understood, must be taken into the ac- 
count. — A. Ed. 

t The experiment thus stated does not properly exemplify the 
attraction of cohesion ; foi* .when oil, or any other fluid, is inter- 
posed between the -plates of nmrUe, it may reasonably be conjec- 
tured that the cohesion of the stirfaccs arises from the viciditv of 
th^ intermediate substance. Those who have been in the habit 
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celerated motion^ until they meet : and then^ if 
either of them be moved, it will draw the other 
after it. If two corks of unequal weights be 
placed near each other, they will approach with 
accelerated velocities inversely proportional to 
their weights :* that is, the lighter cork will 
move as much faster than the heavier, as the hea- 
vier exceeds the lighter in weight. This shews 
that the attraction of each cork is in direct pro- 
portion to its weight or quantity of matter-f 

of constructing metals for reflecting telescopes; may probably 
have seen a striking exemplification of the attraction of cohesion. 
The editor of this work has ground together a convex and a con* 
cave brass block, with such accuracy, that the one would raise 
the other from the ground without the interposition of any li- 
quid, though its weight was about two pounds, and the surfaces 
completely polished. When the blocks of i)rass are small, the 
one will raise the other, even when a fibre of silk is placed be- 
.tween their surfaces. — ^E. Ed. 

* When two variable or changeable quantities, A and B^ are 
so related to each other, that when the one increases or diminish- 
es, the other increases or diminishes in the same proportion, A 
is said to be directly proportiona. to B. Thus, if A represents the 
attraction of any planet, and B its quantity of matter,.^ is direct- 
ly proportional to B; because if you double the quantity of mat- 
ter you double the attraction, and vice veraa. If when B increas- 
es A diminishes, or when B diminishes A increases, A is then 
said to be inverse^ or reciprocally proportional to B» Thus if A 
represents the pai't of a pianei's orbit, through which it is mov- 
ed, and B the part which it has to traverse, A is inversely pro- 
portional to B s for it is evident, that as the part of the orbit • 
moved through increases, the remaining part must diminish in 
the same proportion, and vice versa. liA increases as the square 
of B increases, A is said to be directly proportio^ial to the square 
of B. }£ A increases as the square oi B diminishes, A is said to 
be inversely proportional to the square of B, or inversely as the 
square of B. In this case, if A be the force of gravity, and Bihe 
distance, then, because it is found by observation, that when the 
distance is doubled, gravity is four times weaker ; and when tri- 
pled, nine timeff weaker ; and so on, the force of gravity is said 
to be inversely as the square of the distance. It is weU known, 
that • the force of gravity depends upon two causes — upon the 
quantity of matter m the body which exerts the force, and on the 
distance of the body which is acted upon. The force of gravity, 
therefore, is said ro be direct^ as the quantity of matter, and in- 
versely as the square of the distance. As these expressions occur 
frequently in the course of this work, it will be useful to the 
reader to make them familiar to his mmd, for he will'look in vain 
for an explanation of them in elementary treatises on natural 
philosophy. — E En. 

t This phenomenon does not so much depend oh the mutual 
attraction of the two pieces of cork, as on that of the cork and 
the water.— A. Ed. 
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This kind of attraction reaches but to a very 
small distance ; for, if two drops of quicksilver 
be rolled in dust, they will not run together be- 
cause the particles of dust keep them out of 
each other's attraction. 

Where the spliere of attraction ends, a re- itepukion. 
vulsive force begins ; thus, water repels most 
bodies till th'fey are wet ; and hence it is, that a 
small needle, if dry, swims upon water ; and 
flies walk upon it without wetting their feet. 

The repelling force of the particles of a fluid 
is but small ; and therefore, if a fluid be divid- 
ed, it easily unites again.* But if a glass, or 
any other hard substance, be broken into small 
jparts, they cannot be made to stick together 
ag iin without being first wetted : the repulsion 
being too great to admit of a re-union. 

The repelling force between water and oil is 
80 great, that we find it almost impossible to mix 
them so as not to separate again. If a ball of 
light wood be dipt in oil, and then put into 
water, the water will recede so as to form a 
channel of some' depth all round the ball. 

The repulsive force of the particles of air is 
80 great, that they can never be brought so near 
together by condensation, as to make them stick 
or cohere. Hence it is, ihkt when the weight of 
the incumbent atmosphere is taken off from any 
small quantity of air, that quantity will diffuse 
itself so as to occupy (in comparison) an infinite- 
ly greater portion of space than it did before. 

•Attraction of gravitation is that power bycraviu. 
which distant bodies tend toward one another. ^^°"* 
Of this we have daily instances in the falling of 
bodies to the earth. By this power in the earth 
it is, that bodies, on whatever side, fall in lines 

* This is perhaps rather to be ascribed to the smaU de^ee of 
cohesive attraction between the particles of a fluid ; which is 
therefore' both more easily overcome, and restored, than the 
more powerful Attraction between the particles of -hard bodies. 
Ed. 
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perpendicular to its surface ; and consequently, 
on opposite sides, they fall in opposite direc- 
tions, all toward the centre, where the force of 
gravity is as it were accumulated : and by this 
power it is, that bodies on the earth's surface 
are kept to it on all sides, so that they cannot 
fall from it. And as it acts upon all bodies in 
proportion to their respective quantities of mat- 
ter, without any regard to their bulks or figures, 
it accordingly consiitutes their weight. Hence, 

If two bocfies which contain equal quantities 
of matter, were placed at ever so great a distance 
from one another, and then left at liberty in free 
space ; if there were no other bodies in the uni- 
verse to aflfect them, they would fall equally 
swift toward one another by the power of gravi- 
ty, with velocities accelerated as they approach- 
ed each other ; and would meet in a point which 
was half-way between them at firat. Or, if two 
bodies, containing unequal quantities of matter, 
werfc placed at any distance, and left in the same 
manner at lil)erty, they would fall toward one 
another with velocities which would be in an 
inverse proportion to their respective quantities 
of matter ; and, movi^g faster and faster in their 
mutual approach, would at last meet in a point 
as much hearer to Tthe place from which the 
heavier body began to fall, than to the place 
from which tlic lighter body began to fall, as 
the quantity of matter in the former xxceeded 
that in the latter. 

AH bodies that we know of have gravity or 
weight. For, that there is no such thing as po- 
sitive levity, even in smoke, vapours, and fumes, 
is demonstrable by experiments with the air- 
pump ; which shew, that although the su^okc 
of a candle ascends to the top of a tall receiver 
when full of air, yet, upon the air being ex- 
hausted out of the receiver, the smoke falls down 
to the bottom of it. So, if a piece of wood bo 



Of the Properties of Matter. 1 1 

immersed in a jar of water, the wood mjU rise 
to the top of the water, because it has a less 
degree of weight than its bulk of water has : 
but if the jar be emptied of water, the wood 
"ivill fall to the bottom. 

As every particle of matter has its proper Graviu 
gravity, the effect of the whole must be in pro-^t^^ted tf» 
portion to the number ofthe attracting particles; be as the 
that is, as the quantity of matter in tlie whole ^"^/jjy^ 
liody. This is demonstrable by experiments on^li bodies 
pendulums; for, if they are of equal lengths, 
whatever their weights be, they vibrate in equal 
times. Now it is plain, that if one be double or 
triple the weight of another, it must require a 
double or triple power of gravity to make it 
move with the same celerity : just as it would 
require a double or triple force to projett a bul- 
let of twenty or tliirty pounds weight, with the 
same degree of swiftness that a bullet of iitn 
pounds would require. Hence it is evident, 
that the power or force of gravity is always 
proportional to the quantity of matter in bodies, 
whatever their bulks or fisnires are. 

Gravity also, like all other virtues or emana- n d^icreas- 
tions which proceed or issue from a centre, dc-*^^ ^'^ **^^ 
creases as the distance multiplied by itself in- ibe dis-*^ 
creases ; that is, a liody at twice the distance of ^«i"ce in- 
another, attracts with only a 4th part of the force; ^^^*^^^^ 
at thrice the distance, with a 9th part ; at four 
times the distance, ^\ilh a loth part, and so on. 
This too is confiiTued by comparing the distance 
which the moon falls in a minute, from a right 
line touching her orbit, with the distance through 
'which heavy bodies near the earth fall in that 
,time. And also by comparing the forces which 
retain Jupiter's moons in their orbits, with their 
respective distances from Jupiter, These forces 
will be explained in the next lectui*e. 

The velocity which bodies near the earth ac^ 
nuire in descending freely by the force pf gravity 
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is proportional to the times of their descent. 
For, as the power of gravity does not consist in 
a single impulse, but is always operating in a 
constant and uniform manner, it must produce 
equal effects in equal times ; aud consequently 
in a double or triple time, a double or triple 
effect. And so, by acting uniformly on the 
body, must accelerate its motion proportiona- 
bly to the time of its descent.* 

To be a little more particular on this subject, 
let us suppose that a body begins to move with 
a celerity constantly and gradually increasing, 
in such a manner, as would carry it through a 
mile in a minute ; at the end of this space it will 
have acquired such a degree of celerity,- as is 
sufficient to carry it two miles the next minute, 
thoughHt should then receive no new impulse 
fi'om the cause by which its motion had been 
accelerated ; but if the same accelerating cause 
continue, it will carry the body a mile farther ; 
on which account it will have run througli four 
miles at the end of two minutes ; and then it will 
have acquired such a degree of celerity, as is 
sufficient to carry it through a double space in 
as much more time, or eight miles in two mi- 
nutes, even though the accelerating force should 
act upon it no more. But this force still continu- 
ing to operate in a uniform manner, will agitin, 
in an equal time, produce an equal effect; and 
so, by carrying it a mile farther, cause it to move 
thi^ough five miles tlie third minute ; for, the 
celerity already acquired, and the celerity still 
acquiring, will have each its complete effect. 
Hence we learn, that if the body should move 
one mile the first minute, it would move three, 
miles the second, five the third, seven the fourth, 
nine the fifth, aud so on in proportion. 

* It appears from the experiments of the late Mr. Whitehupst, 
on pemhilums, that the space passed over by descending bodies. 
In the first second of time, is 16«08r feet.— S. £o. 
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And thus it appears^ that the spaces descri- piatk r 
bed in suceessive equal parts of time^ by a 
uniformly accelerated ^otion^ are always as 
the odd numbers 1, 3y 5, 7^ 9, &c. and conse- 
quently^ the whole spaces are as the squares 
of the times^ or of the last acquired velocities. 
For the continual addition of the odd numbers 
produces the squares of all numbers from unity 
upward. Thus, 1 is the first odd number, and 
the square of 1 is 1 ; 3 is the second odd num- 
ber, and this added to 1 makes % the square 
of S ; 5 is the third odd number, which added 
to 4 makes 9^ the square of 3 ; and so on for 
ever. Since, therefore, the times and veloci- 
ties, proceed evenly and constantly as 1, 2, 3, 
% &c. but the spaces described in the succes- 
sive equal times are as 1, 3, 5, 7^ &c. it is evi- 
dent that the space described 

In 1 minute will be 1 =square of 1 

In 2 minutes 1+3= 4=squareof3 

InSmiitates 1+3+5= 9=squareof3 

In^mmiites l+3+S+7=l6=squareof4,&c. 

N. B. The character + signifies more, and 
= equal. 

As heavy bodies are uniformly accelerated 
by the power of gravity in their descent, it is 
plain that they must be unifprmly retarded by 
the same power in their ascent. Therefore, The de- 
the velocity which a body acquires by falling, y^iocAy^ 
is sufficient to carry it up again to the same wm give a 
height from whence it fell: allowance be-ngP^^'^j''®*^ 
made for the resistance of the air, or other me- :^iu **" 
dium in which the body is moved. TiiUfa, the Fig. 2 
body D in rolling down the inclined plane JIB 
vill acquire such a velocity by tlie time it ar- 
jrives at J3, as will carry it up the inclined plane 
BC^ almost to C; and would carry it quite up ^ 
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PiATB I. to C, if the body and plane were perfectly hard 
and smooth^ and the air gave no resistance.— -^ 
So^ if a pendulum were put into motion^ in a 
space quite free of air, and all other resistance, 
and had no friction on the point of suspension, 
it would move for ever: for the velocity ifc 
would acquire in falling through the descend- 
ing part of the arc, would be still sufficient 
to carry it equally high in the ascending part 
thereof. 
.. The cen- The Centre of gravity is that part of a body 

^c of gra- jjj ^iiicij the whole force of its gravity or weight 
may be considered as united. Therefore, what- 
ever supports that point, bears the weight of 
the whole body : and while it is supported, the 
body cannot fall ; because all its parts ai*e in a 
perfect equilibrium about that point.* 

An imaginary line drawn from the centre of 
gravity of any body towai*d the centre of the 

and Une of earth, is culled the line of direction. In this 

direction, jj^^^ ^yi heavy bodies descend, if not diverted. 

Since the whole weight of a bodytJ^ united 
in its centre of gravity, as that centr^scends 
or descends, we must look upon the whole bo- 
dy to do so too. But as it is contrary to the 
nature of heavy bodies to ascend of their own 
accord, or not to descend when they are per- 
mitted ; we may be sure, thiat, unless the centre 
of gravity be supported, the whole body will 
tumble or fall. Ifence it is, that bodies stand 
upon their bases when the line of direction 
falls within the base ; for in this case the body 
cannot be made to fall, without first raisin;; the 
^ centre of gravity higher than it was before* 

Fiff-3. Thus, the inclining ' body •SLBCD^ whose cen- 
tre of gravity is iJJ, stands firmly on its base 
CDIKy because the line of direction EF falls 

* For a mechanical method of finding the centre of gravity* 
see Appendix, vol. 2.— i!^. Ed. 
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within the base. But if a weight, as MSGH.- 
be laid upon the top of the body, thp centre of . 
gi'avity of the whole body and weight together 
is raised up to I; and then, as the line of direc- 
tion ID falls without the base at J9, thfe centre 
of gravity I is not supported ; and the whole 
body and weight will tumble down together. 

Hence appears the absurdity of people's ris- 
ing hastily in a coach or boat when it is likely 
to overset : for, by that means, they raise tlie 
centre of gravity so far as to endanger throw- 
ing it quite out of the base ; and if they do, 
ttey overset the vehicle effectually. Where- 
as, should they clap down to the bottom, they 
would bring the line of direction, and conse- 
quently the centre of gravity, farther within 
the base, and by that means might save them- 
selves. 

The broader the base is, and the nearer the 
line of direction to the middle or centre of it, 
the more firmly does the body stand. On the 
contrary, the naiTower the base, and the nciircr 
the line of direction to the side of it, the more 
easily may the body be overthrown; a less 
change of position being sufficient to remove the 
line of direction out of the base in the latter 
case thlan in the former. And hence it is, that 
a sphere is so easily rolled upon a horizontal 
plane ; and that it is so difficult, if not impos- . 
sible, to make things which are sharp-pointed 
to stand upright upon the point. From what 
hath been said, it plainly appears, that if the 
plane be inclined on which the heavy body is 
plftced, the body, unless prevented by friction, 
will slide down the plane, while the line of 
direction falls within the base ; but it will 
tumble or roll down when that line faHs with- 
out the base. Thus, tlie body A will only 

VOL. I. I 
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felide down the inclined plate CD, while the 
body B rojis down upon it. 

When the line of direction falls within the 
l)ase of our feet we stand ; and most firmly 
' when it is in the middle : buf when it is out of 
that base, we immediately fail. And it is not 
only pleasing, but even surprising, to reflect 
upon the various and unpremeditated methods 
And postures which we use to retain this posi-^ 
tion, or to recover it when it is lost. For this 
purpose we bend our body forward when 'we 
rise from a chair, or when we go up stairs : 
and for this purpose, a man leans forward 
when he carries a burden on liis' back, and 
backward when he carries it on his breast ; 
and to the right or left side as he carries it en 
the opposite side. A thousand more instancesi 
might be added. 

The quantity of matter in all bodies is in 

exaqt proportion to their weights, bulk fot 

' bulk. Therefore, heavy bodies are as much 

more dense- or compact than light bodies of the 

sattie bulk/ as they exceed them in weight. 

All bodies are full of pores, or spaces void 
of matter : and even in gold, which is the hea- 
viest of all known bodies,* there is perhaps a 
greater quantity of space than of matter. For 
the particles of heat and magnetism find an 
. easy passage through the pores of gold ; and 
even water itself has been forced through 
them. Besides, if we consider how easily th^ 
rays of light pass through so solid a body^as 
glass, in all manner of directions, we shall 
find reason to believe that bodies are mueh 
more porous than is generally imagined. 
the ex- All bodies are some way or other affected by 
SieTais? ""^ **®** 5 ^^^ *^* metallic bodies are expanded in 

• Platinum, a, meUl lately 4iscotered, is heavier tlian goW. 
— Ai Ed..' . ■ . 
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iength, breadth^ and thickness thereby. — ^The p^ate l* 
proportion of the expansion of several metals^ 
according to the best experiments I have been 
able to make with my pyrometer, is nearly 

thus : ^Iron and steel, as 3, copper 4|, brass 

0, tin 6, lead 7. An iron rod 3 feet long is 
about y^^th part of an inch longer in summer 
than in winter. 

The pyrometer here mentioned being ^f5r The pyro^ 
aught I know) of a new construction, a de-"^®^^* 
scriptibn of it may perhaps be agreeable to the 
reader. 

•A «^ is a flat piece of mahogany, in which are Fig. 5. 
fixed four brass studs, JB, C, JD, X, and two 
pins, one at F and the other at H. On the pin 
F turns the crooked index E J, and upon the 
pin H the straight index 6? JBT, against which a 
piece of watch-spring 2? bears gently, and thus 
presses it toward the beginning of the scale 
•If JV, over which the point of that index moves. 
• This scale is divided into inches and tenth parts 
of an inch : the fii*st inch is marked 1000, the 
second SOOO, and so on. A bar .of metal O is 
laid into notches in the top of the studs C and 
J) ; one end of the bar bearing against the ad- 
justing screw P, aud the other end against the 
crooked index JBJ /, at a SOth part of its length 
from its centre of motion F. — Now it is plain, 
that however much the bar O lengthens, it will 
move that part of the index Fi /, against which 
it bears, just as far: but the ci*ooked end of 
the same index, near JET, being SO times as far 
firom the centre of motion F as the point is 
against which the bar bears, it will move 20 
times as far as the bar lengtheus« And as this 
crooked end bears against the index G K vA, 
only a SOth part of the whole length G S from 
its centre of motion ff, the point S will move 
tbrough SO tioies the space that the point of 
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bearing near H does. Hence, as 30 multiplied 
by SO pi*oduces 400, it is evident, that if the 
bar lengtliens but a 4<00th part of an inch, the 
point a will move a whole inch on the scale ; 
and as eveiy inch is divided into 10 equal 
parts, if the bar lengthens but the 10th part of 
the 400th part of an inch, which is only the 
4000th part of an inch, the point S will move 
tlro^Oth part of an inch, a space very percep- 
tible. 

To ftad how much a bar lengthens by heat, 
first lay it cold into the notches of the studs, 
and turn the adjusting-screw P until the spring 
Jl brings the point S^i the index G Kto the 
beginning of the divisions of the scale at M: 
then, without altering the screw any further, 
take oft* tlie bar, and rub it with a dry woollen 
cloth till it feels warm ; and then, laying it on 
where it was, observe how far it pushes the 
point £f upon the scale by means of the crooked 
index E If and the point S will show exactly 
how much the bar has lengthened by the heat 
of rubbing. As the bar cools, the spring R 
bearing against the index K Gf, will cause its 
point <S» to move gradually back towards Jtl in 
4.he scale : and when the bar is quite cold, the 
index will rest at M^ where it was before the 
bar was made warm by rubbing. The indexes 
have small rollers under them at I and IT; 
these, by turning round on the smooth wood 
as the indexes move, make their motions the 
easier, by taking off a gi-eat part of the fric- 
tion, which would otherwise be on the pins F 
and /r, and the ptnnts of the indexes them* 
selves on the wowl.* 

• 

* It It womlcrfVil how the author, «i>d other writers on natn- 
ril philo9ophy, sho^ild hatf ore Hooked thr striking detect in the 
principle upon which this new pyro4iicter ijs constructed If we 
luppoiw, «9 in the text, that tile diatance of the poiot ii, (where 
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Beside the universal properties above-men- Magnet- 
tioned^ there are btfdies which have proper- 
ties* peculiar to themselves ; such as the load- 
stone, in which th^ most remarkable are 
these :— — 1. It attracts iron and steel only. 
S. It constantly turns one of its sides to the 
norths and another to the souths when sus- 
pended by a thread that does not twii|t. 
3. It communicates all its properties to a piece 
of steel when rubbed upon it, without losing 
any itself. 

According to Dr. Helsham^s experiments, 
the attaction of the loadstone decreases as the 
square of the distance increases. Thus, if a 
loadstone ' be suspended at one end of a ba- 
lance, and counterpoised by weights at the 
other end, and a flat piece of iron be placed 
beneath it, at the distance of four-tenths of an 
inch, the stone will immediately descend and 

the bar O bears against the crooked lever), from the centre of 
motion F, is a 20th part of the length of the lever before the bar 
O begins to expand ; it is evident that the quantity n F will in* 
crease as soon as the expansion begins, and that its length, when 
the expansion ends, will be in proportion to the increase of the 
hstjt by heat. But as n i<* is nearly n 2uth part of the length of the 
crooked lever, the increase of ^Tm, which is at first' a 20th part 
of H S, wiU he 20 times greater than the increase of i^n. As the 
arms of the two levers therefore are continually changing their 
prot>ortion, every pyrometer constructed upon the prhiciple of 
the lever, must give a very inaccurate result. Brissoh, in his 
Traits Elemeritmre de Physique, Paris, Jin. 8. torn. d. p. 213, has 
given a description of apvrometer upon the same principle ; but 
as the number of levers is increased, the inaccuracy is much, 
greater. For an account of Muschenbroeck's pyrometer, which 
aeems to have been the first that was ever constructed, see De- 
■agulier's Exper. Philos. vol. 1, p. 421. For an account of EUi- 
cot's see Phil. Trans. No. 443 ; an account of Smeaton's may be 
Keen in the Phil. Trans, v. ^ ; of De Luc's in vol. 68 ; and of 
Ramsden's in vol 75. Of all these Mr. Ramsden's is by far the 
most accurate. The bar is pllaced in a trough of water, which is 
heated by twelve spirit-lamps ; and the expansion is measured by 
a microscope, furnished with a micrometer. — E. Ep. 

* It appears from the experiments of Mr. Cavallo, that hammer- 
ed copper is magnetic ; andM.Coulemb,of the National Institute, 
IB said to have discovered, that all bodies whatever are more ox 
lesp endued with this property.— E. Ed. 
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adhere to the iron. But if the stone be again 
removed to the same distance^ and as many 
grains be put into the scale at the other end as 
will exactly counterbalance the attraction^ 
then^ if the iron be brought twice as near the 
stone as before, that is, only two-tenth parts of 
an inch from it, there must be four times as 
many grains put into the scale as before, in or^ 
der to be a just counterbalance to the attrac- 
tive force, or to hinder the stone from descend- 
ing and adhering to the iron. So, if four 
grains will do in the former case, there must 
be sixteen in the latter. But from some later 
experiments, made with the greatest accuracy, 
it is found that the force of magnetism de- 
creases in a ratio between the reciprocal of 
the square and the reciprocal of the cube of 
the distance ; approaching to the one or the 
other, as the magnitudes of the attracting bo-» 
dies are varied.* 
Eiectrici- gevcral foodies, particularly amber, glass, 
^^' j^t, sealing-wax, agate, and almost all precious 

stones, have a peculiar property of attracting 
and repelling light bodies when heated by 
rubbing. This is called electrical attraction, 
in which the chief things to be observed are — 

1. If a glass tube about an inch and a half di- 
ameter, and two or three feet long, be heated 
by rubbing, it will alternately attract and re- 
pel all light bodies when held near them ; — 

2. It does not attract by being heated without 
rubbing ; — 3. Any light body, being once re- 
pelled by the tube, will never be attracted 

* The most accurate experiments upon the law of action in 
magpietical bodies, are those of M. Lambert, in the Memoirs of 
the academy of Beidin for 1756. The author concludes with this 
hypothesis : < that the force of each transverse element of a mar- 
net is as its distance from the centre, and its action on a parti* 
cle of another maguet, is InTersely as the square of the distance.* 
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again till it has touched some other body ; — 
4i. If the tube be rubbed by a moist hand^ or 
any thing that is- wet^ it totally destroys the 
electricity ; — 5. Any body, except air, being 

interposed, stops the electricity ; 6. The 

tube attracts stronger when rubbed over with 
bees- wax, and then with a dry woollen cloth ; 
---7* When it is well rubbed, if a finger be 
brought near it, at about the distance of half 
an inch, the effluvia will snap against the fin- 
ger, and make a little crackling noise ; and if 
this be performed in a dark place, there will 
appear a little flash of light* 
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LECTURE n- 



Of Central Forces, 



Plate tt. WE have already mentioned it as a ne- 

enusdw^n! cessary consequence arising from the deadnessi 
different OF inactivity of matter, that all bodies resist i^ny 
to motion c jiano;e of state, or endeavour to continue in the 

or rest. o 7 ^ ■ 

Fig. I. state they are in^ v^^hether of rest or motion* 
If the body .5 were placed in any part of free 
space, and nothing either drew or impelled it 
any way, it would for ever remain in that part 
of space ; because it could have no tendency 
of itself to remove from it. If it receive a 
single impulse any way, as suppose from Jl 
toward JB, it will go on in that direction ; for,, 
of itself, it could never swerve from a right 
line, nor stop its own course. When it has 
gone through the space A B^ and met with no 
resistance, its velocity will be the same at jB 
as it was at t3 ; and this velocity, in as much 
more time, will carry it through as much more 
space, from JB to C ; and so on for ever. 
Therefore, when we see a body in motion, we 
conclude that some other substance must haye 
giveii it that motion ; and when we see a body 
fall from motion to rest, we conclude tha4. 
some other body, or cause must have stopped 
it. 
All motion As all motiou is naturally rectilineal, it .ap- 
recuu-"*^ pears, that a Bullet projected by the hand, or 
neai, shot from a cannon^ yi^ould forever continue to 
move in the same direction it received at first, 
if no other power diverted it from its course. 
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Therefore^ when we see a body move in a curve PtATB ir. 
of any kind whatever, we conclude it must be 
acted upon by two powers at least ; one put- 
ting it in motion, and another drawing it off 
from the rectilineal course it would otherwise 
have continued to move in : and whenever that 
power, which bent the motion of the body from 
a straight line into a curve, ceases to act, the 
body will again move on in a straiglit line, 
touching that point of the curve in which it 
was when the action of that power ceased. — 
For example, a pebble moved round in a sling 
ever so long a time, will fly off tlie moment it 
is set at. liberty, by slipping one' end of the 
sling-cord, and will go on in a line touching 
the circle it described before ; which line 
would actually be a straight one, if the earth^s 
attraction did not affect the pebble, and bring 
it down to the ground. This shows, that the 
natural tendency of the pebble, when put into 
motion, is to continue moving in a straight 
Kne, although by the force that moves the 
jsling it is made to revolve in a circle. 

The change of motion produced is in pro- The ef- 
portion to the force impressed ; for the effects c^'ombhied 
of natural causes are always proportionate to forces. 
the force or power of those causes. 

By these laws it is easy to prove, that a body 
will describe the diagonal of a square or pa- 
rallelogram, by two forces conjoined, in the 
game time that it would describe either of the 
sides, by one force singly- Thus, suppose the 
body A to represent a ship at sea ; and that it Fig 2. 
is driven by the wind, in the right line A B, 
with such a force as would carry it uniformly 
from ti to J} in a minute : then suppose a 
stream or current of water running in the di-^ . 
leetion A !>, with such a force as would carry 

VOL. J. K 
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Plate H.the sliip through an equal space from .A to D ill 
a minute. By these two forces, acting toge- 
ther at right angles to each other, the ship will 
describe the line •! O in a minute : which line 
(because the forces are equal and perpendicu- 
lar to each other) will be the diagonal of. an 
exact square. To confirm this law by an ex- 
Fig. 3. periment, let there be a wooden square JLBCD 
so contrived, as to have the part JBEFC made 
to draw out or push into the square at plea* 
sure. To this part let the pulley H be joined^ 
so as to turn freely on tlie axis, which will be 
at // when the piece is pushed in, and at • J^ * 
when it is drawn out. To this part let the 
ends of a straight wire k be fixed, so as to 
move along with it under the pulley ; and let 
the ball G be made to slide easily on the wire. 
• A thread m is fixed to this ball, and goes over, 
the pulley to //.by this thread the ball may 
be drawn up on the wire parallel to the side 
4SJ)y when the part BEFC is pushed as far as 
it will go into the square. But, if this part be 
drawn out, it will carry the ball along with it, • 
parallel to the bottom of the square JD C- By 
this means, the ball G may either be drawn 
perpendicularly upAvard by pulling the thread 
m, or moved horizontally along by pulling out 
the part BEFC^ in equal times, and through 
equal spaces ; each power acting equally and 
separately upon it. But if, when the ball is at 
6r, the iqiper end of the thread be tied to the 
pin J, in the corner A of the fixed square, and 
the moveable part BEFC be drawn out, the 
ball will then be acted upon by both tne pow- 
ers together ; for it will be drawn up by the 
thread toward the top of the square, and at the 
•same time be carried with its wire k toward 
the right hand B C, moving all the while in 
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the diagonal line L; and will be found at ^ Plate ii. 
when the sliding part is drawn out as far as it 
was befoire ; which will then have caused the 
thread to draw up the ball to the top of the in- 
side of the square, just as high as it was be- 
fore, when drawn up singly by the thread 
without moving the sliding part. 

If the acting forces be equal, but at oblique 
angles to each other, the sides of the parallel- 
ogram will be so also ; and the diagonal run 
, through by the moving body will be longer or 
shorter, according as the obliquity is greater 
. or smaller. Thus, if two equal forces act con- 
jointly upon the body A^ one having a tenden- Fig. 4. 
cy to move it through the space AB in the same 
time that the other has a tendency to move it 
through an equal space Jll) } the body will ' • 
describe the diagonal AGC in the same time 
that either of the single forces would have 
caused it to describe either of the sides. If one 
• -of the forces be greater than the other, then 
one side of the parallelogram will be so much 
.longer than the other. For, if one force sing-, • 
ly would carry the body through the space JlE, ^ 
in*^the same time that the other would have 
carried it through the space •IDy the joint ac- 
tion of both will carry it in the same time 
through the space *1HI) which is the diagonal 
of the oblique parallelogram ADEF. 

If both forces act upon the body in such a 
manner, as to move it uniformly, the diagonal 
described will be a straight line ; but if one (tf 
the forces acts in such a manner as to teake the 
body move faster and faster, then the line de- 
scribed will be a curve. And this is the case 
of all bodies which are projected in rectilineal 
directions, and at the same time acted upbn by 
the power of gr^ivity ; which has a constant 



S6 



Of Central Foi*ce3. 



P1.ATE II. tendency to accelerate their motions in the di- 
rection wherein it acts. 
The laws From the uniform projectile motion- of bodies 
planetary ^^ straight line?, and the universal power of 
motions, gravity or attraction, arises the curvilineal mo- 
tion of all the heavenly bodies. If the body 
rig. 5. Jl be projected along the straight line JLFH ia 
open space, where it meets with no resistance, 
and is not draM^n aside by any power, it will 
go on for ever with the same velocity, and in 
the^ same direction. But if, at the same mo^ 
ment, the projectile force is given at .4, the 
body S begins to attract it with a force duly 
adjusted,* and perpendicular to its motion at 
•4, it will tlien be drawn from the straight line 
JlFH^ and forced to revolve about ^^ in th6 

* ' circle ATW; in the same manner, and by the 

same law, that a pebble is moved round in a 
sling. And if, when tJie body is in any part 
of its orbit (as suppose at KJ a smaller body 
as X, within the sphere of attraction of the bo- 
dy Ky be projected in the right line LM^ with 

♦ a force duly adjusted, and perpendicular to the* 
^ line of attraction LK ; then, the small body^i 

will revolve about the large body K in the 
orbit JSrO^ and accompany it in its whole course 
round the yet larger body S. But then, the 
body R will no longer move in the circle 
JlTW; for that circle will now be described 
by tlie common centre of gravity between K 
and L. Nay, even the great body S will not 
teep in the centre ; for it will be the common, 
centre of gravity between all the three bodies 

• To make the projectile force a just balance to the gravitat- 
ing power, so as to keep the planet moving in a circle, it must 
give, si^ch a velocity as the planet would have acquired by 
gravity, wlien it had faUen through half the semidiameter of 
that circle. 
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8^ Ky and X, that will remain immoveable 
there. So,, if we suppose »S> and K connected 
by a wire P that has no weight, and K and L 
connected by a wire q that has no weight, ihe 
common centre of gravity of all these three 
bodies will be a point in the wire P near S ; 
which point being supported, the bodies will 
be all in j^quilibrio as they move round it. 
Though indeed, strictly speaking, the common 
centre of gravity of all the three bodies will 
not be in the wire P, except when these bodies 
are all in the same right line. Here S may re- 
present the sun, JC the earth, and L the moon. 
In order to form an idea of the curves de- 
scribed by two bodies revolving about their 
common centre of gravity, while they them- 
eelves with a third body are in motion round' 
the common centre of gravity of all the three ; 
let us first suppose E to be the sun, and e the p^-^te m. 
^arth going round him without any moon ; and 
their moving foi^ces regulated as above. In 
this case, while the earth goes round the sun in 
the dotted circle RTUWX, &c. the sun wiRTi^^ ^ 
go round the circle JlBD^ wliose centre C is scribed by 
the common centre of gravity between the sun ^"^»P» ^^- 
and earth : the right line Bl) representing the bout"thetp 
mutual attraction between them, by wJiich they common 
are as firmly connected as if they were fixed at g!^vity?^ 
the two ends of an iron bar strong enough to 
hold them. So, when the earth is at e, the 
^ sun will be at E ; when the earth is at T, the 
sun will be at F; and when the earth is at g^ 
the sun will be at 6r, &c. 

Now, let us take in the moon q^ (at the top 
of the figure), and suppose the earth to have 
no progressive motion about the sun ; in which 
ease, while the moon revolves about the earth 
in her orbit 4^S>D^ the earth will revolve la 
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the circle iS 13, whoise centre 12 is the common 
centre of gravity of the earth and moon ; they 
being connected by the mutual attraction be- 
tween them in the same manner as the earth 
and sun are. 

But the truth is, that while the moon re- 
volves about the earth, the earth is in motion 
about the sun ; and now, the moon will cause 
the earth to describe an irregular curve, and 
not a true circle, round the sun ; it being the 
common centre of gravity of the earth and moon 
that will then describe the same circle which 
the earth would have moved in, if it had not 
been attended by a mooq. For, supposing the 
moon to describe a quarter of her progressive 
orbit about the eai^tii in the time that the earths 
' moves from e to /, it is plain, that when the 
earth comes to/, the moon will be found nir; 
in which time, their common centre of gravity 
will have described the dotted arc -KIT, the 
earth the curve jK 5/, and the moon the curve 
gr 14 n In the time that the moon describes 
another quarter of her orbit, the centre of gra- 
vity of the earth and moon will describe the 
dotted arc T 2 t7, the earth the curve f 6 gi 
the moon the curve r 15 s, and so on : and 
thus) while the moon goes once round the earth 
in her progressive orbit, their common centre of 
gravity describes the regular portion of a circle 
jK 1 T3 Z73 F4 HT, the earth the irregular 
curve R5f6g7h^h *^d the moon the yet ^ 
more irregular curve qi'irid si6 1 17 u; and 
then, the same kind of tracks over again. 

The centre of gravity of the earth and moon 
is about 6000 miles from the earth^s centre 
toward the moon: therefore the circle jS 13 
which the earth describes round that centre of 
gravity (in every course of the moon round her 
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orbit) is about 12,000 miles in diameter. . Con- piatb iit. 
sequently the earth is so much nearer the sun 
at the time of full moon than at the time of 
new. [See the earth at/ and at A.] 

To avoid confusion in so small a figure, we 
have supposed the moon to go only twice and 
a half round the earth, in the time that the 
earth goes once round the sun ; it being im- 
possible to take iii all the revolutions which 
she makes in a year, and to give a true figui^e 
of her path, unless we should make the semi- 
diameter of the earth^s orbit at least 95 inches ; 
and then, the proportional semidiameter of the 
moon's orbit would be only a quarter of an 
inch. — For a true figure of the moon's path, I ' 
refer the reader to my treatise of astronomy. 

If, the moon made any complete number ot 
revolutions about the earth, in the time that the 
earth makes one revolution about the sun, the 
paths of the sun and moon would return into 
themselves at the end of every year; and so be 
the same over again ; but they return not into 
themselves in less than 19 years nearly; in 
i^hich time, the earth makes nearly 19 revolu-^ 
tions about the sun, and the moon 235 about 
the earth. 

If the planet A be attracted toward the sun, Plate a 
. wi|;h such a force as would make it fall from A '^' ^' 
to jB, in the time that the projectile impulse 
-would have carried it from Jl to JP, it will in 
the same time, describe the arc AGhy the com- 
bined action of these forces. But if the projec- a double 
tile force had been twice as great, that is, such ^^"J^Jg^*^!.^ 
as would have carried the planet from •9. to H^ lances a 
U| the same time that now, by the supposition, ^^*^^"p^^ 
it carries it only from ti to F; the sun's attrac- groWtj^ 
. tion must have been four times as strong as 
formerly,^ ^o hkve kept the planet in the circle 
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PjutbII. JITW; that is, it must have been such as 
would have caused the planet to fall from A to 
E^ which is four times the distance of JS, fi'om 
B^ in the time that the projectile force singly 
would have carried it from •! to //, which is 
only twice the distance of •! from F.* Thus^ 
a double projectile force will balance a quad- 
ruple power of gra\ity in the same circle, as* 
appears plain by the figure, and ishall soon be 
confirmed by an experiment. 

Plate IV. fhc whirliug-table is a machine contrived 
*^* ' for showing experiments of this nature.f JL%i 

The whir- is a stroug frame of wood, B a winch or han- 

dewfbed. ^^ fixed ou the axis C of the wheel jD, round 
which is the catgut string JP, which also goes 
.round the small wheels G and jK*, crossing be- 
tween them and the great wheel 1). On the 
upper end of the axis of the wheel Gf, above 
the frame, is fixed the round board rf, to which 
the bearer MSX may be fastened occasionally, 
and removed when it is not wanted. On the 
axis of the wheel H is fixed the bearer JSTTZ; 
and it is easy to see that when the winch B is 
turned, the wheels and bearers are put into a 
whirling motion. 

Each bearer has two wires, WT, JT, and F, Z^ 
fixed and screwed tight into them f^t the ends 
by nuts on the outside : and when these nuts 
are unscrewed, the wires maylje drawn out in 
order to change the balls 17 and F, which slide 
upon the wires by means pf brass loops fixed 
into the balls, and keep them from touching 
the bottom of the bearer. A strong silk line 

• Here the arcs^ G, A I, must be supposed to be very small; 
otherwise A E, which is equal to // /, will be more than quadru- 
ple to A B, which is equal to F G. 

f This machine was invented and constructed by Mr. J. B. 
Haas. It is frequently varied both in shape and m size, according * 
to the peculiar taste of the instrument-maker. — £. Ed. 
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goes through each ball^ and is fixed to it at 
any length from the centre of the bearer to its 
end^ as occasion requires^ by a nut- screw at 
the top of the ball ; the shank of the screw 
goes into the centre of the ball, and presses 
the line against the under side of the hole that 
it goes through.— The line goes from the ball^ 
and under a small pulley fixed in the middle 
of the bearer ; then up through a socket in the 
■ round plate (see S and TJ in the middle of 
each bearer ; then through a slit in the middle 
of the square top (^O and PJ of each tower, 
jind going over a small pulley on the top, 
eomes down again the same way, and is at 
last fastened to the upper end of the socket 
fixed in the middle of the above-mentioned 
round plate. These plates S and T have each 
four round holes near their edges, for letting 
them slide up and down upon the wires which 
make the corners of each tower. The balls 
and plates being thus connected, each by its 
particular line, it is plain, that if the balls be 
dlrawn outward, or toward the ends M and JV* 
of their respective bearers, the round plates S 
and T will be drawn up to the top of their re- 
spective towers O and P. 

There are several brass we'ghts, some of two 
. ounces, some of three, and some of four, to be 
occasionally put within the towers O and P^ 
upon the round plates S and T; each weight 
having a round hole in the middle of it, for 
going upon the sockets or axes of the plates, 
and is slit from the edge to the hole ; thus al- 
lowing it to be slipped over the aforesaid line, 
which comes from each ball to its respective 
plate. [See Fig. 3.] 

The experiments to be made by thi^ machine 
are as folloil^^ : 

VOL. I. L 
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JExjperiment» relative to the doctrine of Central 

Forces. 

±. Take away the bearer MX^ and take the 
ivory ball a, to which the line or silk cord h is 
fastened at one end ; and having made a loop 
on the other end of the cord^ put the loop over 
a pin fixed in the centre of the board (f. Then^ 
turning the winch B to give the board a whirl- 
ing motion^ you will see that the ball does not 
immediately begin to move with the boards but^ 
on account of its inactivity^ it endeavours to 
continue in the state of rest which it was in 

before. Continue turning, until the board 

communicates an equal degree of motion with. 
its own to the ball^ and then turning on, yoit 
will perceive that the ball will remain upon 
one part of the board/ keisping. the same velo* 

. city with it, and having no relative motion upoh 
it, as is the case with every thing that Hes loose 
upon the plane surface of the earth, which, hav* 
ing the motion of the earth communicated to it^ 
iiever endeavours to remove from that place. — 
But stop the board suddenly by hand, and the 
ball will go on, and continue to revolve upon 

^ the board, until the friction thereof stops its^ 
motion : this shows, that matter being once put 
into motion, would continue to move for ever» 
if it met with no resistance.^ ' In like manner^ 

* A^ curious machine has been invented hj Mr. Atyirood, which 
exhibits the phenomena of accelerated and retarded motion, in. 
a very simple and satisfactory manner. By means of it, the quan-* 
tity of matter moved> the moving force, the space described, the 
time of description, and the velocity acquired, may be easily and 
accurately ascertained. It may be used also for estimating th6 
velocities communicated by the percussion of elastic and . noD- 
elilstic bodies, for determining the quantity of resistance occasi- 
oned by fluids, and for practically verifying the properties of ro- 
tatory motion. This useful machine is described in AtwoodU 
Treatise on Rectilineal and Rotary Motion, and in Cavallo's Na- 
tural Philosophy, vol. 1, p. 284— £. Ed. 
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if a person standi upright in a boat before it 
begins to move^ be can stand firm ; but the mo- 
ment the boat sets off^ he is in danger of fall- 
ing toward that place which the. boat departs 
from; because^ as matter^ he has no natural 
' propensity to move. But when he acquires 
the motion of the boat^ let it be ever so ^wift^ 
- if it be smooth and uniform^ he will stand as 
upright and firm as if he was on the plain 
* fihore ; and if the boat strike against any ob- 
stacle^ he will fall toward that obstacle^ on ac- 
count of the propensity he has, as matter, to 
keep the motion which the boat has communi- 
cated to him. 

8. Take away this ball, and put a longer 
cord to it, which may be put down through the 
hollow axis .of the bearer MX, and wheel 6r, 
and fix a weight to the end of the cord below 
the machine ; then this weight, if left at liber- 
ty, will draw the ball from the edge of the 
whirling-board to its centre. 

])raw off the ball a little from the centre, and Bodies 
tuni the winch ; then the ball will go round ^rblu^ ^^ 
and round with the board, and will gradually have a 
fly off farther and farther from the centre, and Jl"^^^^^^^ 
miise up the weight below the machine : this of these 
shows, that all bodies revolving in circles have ®'^^*^^* 
a tendency to fly off from these circles, and 
must have some power acting upon them from 
the centre of motion, to keep them from flying 
off. Stop the machine, and the ball will con- . 
tinue to revolve some time upon the board ; 
but as the friction gradually diminishes its mo- 
tion, the weight acting upon it will bring it 
nearer and nearer to the centre in every revo- 
lution, until it brings it quite thither. This 
shows, that if .the planets met with any resist- 
ance in going round the sun, its attractive power 
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would bring them nearer and nearer to it in 
every revolution, until they fell Upon it. 
Bodies 3. Take hold of the cord below the machine 

?n?^« J^^t ^th one hand/ and with tiie other throw the 
^Ibhs ihl.» ball upon the i-ound board as it were at right 
in large angles to the cord ; ancf by this means it will 
^^^^ go round and round upon the board. Then 
observing with what velocity it moves, pull the 
cord below the machine, which will bring the 
bal' nearer to the centre of the board, and you 
will see that the nearer the ball is drawn to the 
centre, the faster it will revolve ; as those pla- 
nets which are nearer the sun revolve fastet 
than tliose which are more remote ; and not 
only go . round sooner, because they describe 
. smaller circles, but even move faster in every 
part of their respective circles. . 
Their cen- . 4. Take away this ball, and apply the bearer 
trifugai Jjfjr whose centre of motion is in its middle 
>hown. at Wf directly over the centre of the whirling- 
board d. Then put two balls /^Fand UJ of 
equal weights upon their bearing- wires, and 
having fixed them at equal distances from their 
respective centres of motion w and x upon their 
silk cords, by the screw-nuts, put equal weights 
in the towers O and P. Lastly, put the catgut 
strings JS and J^upon the grooves 6? and If of 
the small wheels, which beingof equal diame- 
ters, will give equal velocities to the bearers 
above, when the winch B is turned ; and the 
balls U and V will fly oflf toward* M and J^, 
9.nd will raise the weights in the towers at the 
game instant. This shows, that when bodies, 
of equal quantities of matter revolve in equal 
circles with equal velocities, their centrifugal 
foi'ces are equal. . 

5. Take ^way these equal balls, and instead 
of them put a ball of ^x ounces into the bearer 
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JtlX^ at a sixth part of the distance wz from 
the centre^ and put a ball of one ounce into the 
opposite bearer^ at the whole distance a?y, which 
is equal to wz from the centre of the bearer ; 
and fix the .balls at these distances on their 
cords, by the screw-nuts at top ; and then the 
ball Uy which is six times as heavy as the ball 
Vy will be only at a sixth part of the distance 
from its centre of motion; and consequently 
will revolve in a circle of only a sixth part of 
the circumference of the circle in which V re- 
volves. Now, let any equal weights be put in- 
to the towers, and the machine be turned by 
the winch ; which (as the catgut string is on 
equal wheels below) will cause the balls to re- 
volve in equal times ; but V will move six times 
as fast as U, because it revolves in a circle of six 
times its radius'; and both the weights in the - 
towers will rise at once. This shows, that the 
centrifugal forces of revolving bodies, (or their 
tendencies to fly off from the circles they de- 
scribe) are in direct proportion to their quan- 
tities of matter multiplied into their respective 
velocities, or into their distances from the cen- 
tres of their respective circles. For, supposing 

. V^ which weighs six ounces, to be two inches 
from its centre of motion it, the weight multi- 
plied by the distance is 12 : and supposing F^ 
which weighs only one ounce, to be 43 inches 
distant from the centre of motion or, the weight 
1 ounce, multipilied by the distance IS incf^^^ 
is 12. And as they revolve in equal times, 

.. their velocities are as their distances from the 
centre, tiamely, as 1 to 6. 

If these two balls be fixed at equal distances 
from their respective centres of motion, they 
%vill move with equal velocities ; and if the 
iowev have six times as much weight put into 
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it as the tower P has, the balls will raise their 
weights exactly at the same moment. This 
shows, that the ball 17 being six times as heavy ^ 
as the ball Vj has six times as much centrifu- 
gal force, in describing an equal circle with an 
equal velocity. 
A double 6. If bodies of equal weights revolve in equal 
velocity in eircles with unequal velocities, their centrifugal ^ 
circle, is a forces are as the squares of the velocities. To 
balance to prove this law by an experiment, let two balls 
pie"power ^ 3,nd F, of cqual weights, be fixed on their 
of gravity, cords at equal distances from their respective 
centres of motion w and x ; and then let- the 
catgut string E be put round the wheel X^ 
(whose circumference is only one-half of the 
circumference of the wheel H or GJ and over 
the pulley 8 to keep it tight ; and let four times 
as much weight be put into the Jtower P, as in 
the tower O. Then turn the winch J?, and the 
bull V will revolve twice as fast as the ball 17 
in a circle of the same diameter, because they 
are equidistant from the centres of the circles in 
which they revolve; and the weights in tiie 
towers will both rise at the same instant, which 
shows that a double velocity in the same circle 
will exactly balance a quadruple power of at- 
traction in the centre of. the circle. For the 
weights in the towers may be considered as the 
attractive forces in the centres, acting upon the 
revolving bialls ; which moving in equal circles, 
^'is. ^ same thing as if they both moved in one . 
and the same circle. 
Kepler's 7* If bodics of equal weights revolve in uh- 
problem. ^qual circles, in such a manner that the squarei^ 
of the times of their going round are as the 
cubes of their distances ft'om the centres of the 
circles they describe, their centiifugal forces 
lure inversely as the squares of their distance^ 
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from those centres . For, the catgut string remain- 
in g as in the last experiment^ let the distance 
of the ball V from the centre x be made equal 
to two of the cross divisions on its bearer ; and 
the distance of the ball U from the centre w 
be three and a sixth part ; the balls themselves 
being of equal weights, and V making two re- 
volutions by turning the winch in the time that 
£7 makes one ; so that if we suppose the ball 
V to revolve in one second, the ball U will re- . A 
^volve in two seconds, the squares of which are 
one and four : for the square of 1 is only 1, and 
the square of S is 4 ; therefore tlie square of 
the period or revolution of the ball V is con- 
tained four times in the square of the period of 
the ball U. But the distance of V is 2, the 
cube of which is 8, and the distance df l7 is 
3|, the cube of which is 32 very nearly, in 
which 8 is continued four times ; and therefore, . 
the squares of the periods of V and U are to 
one another as the cubes of their distances 
from a? and w^ which are thecentres of their re- 
spective circles. And if the weight in the tower 
O be four ounces, equal to the square of 3, the 
distance of Ffrom the centre a?; and the weight 
in the tower P be ten ounces, nearly equal to 
the square of 3|, the distance of U from w ; it 
will be found upon turning the machine by. the 
^nch, that the balls U and V will raise their 
3Pespective weights at the same instant of time; 
which conJBirms that famous observation of Kep- 
I.ER, viz. thut the squares of the times in which 
the planets go round the sun are in the same 
proportion as the cubes of their distances froAi 
him ; and that the sun^s attraction is inversely 
as the square of the distance from his centre : 
that is, at twice the distance, his attraction is 
four times less ; at thrice the distance, nine 
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Pjuatb IV. times less ; at four limes the distance^ sixteen 
times less ; and so on^ to the remotest part of 
the system,* 

8. Take off the catgut string E from the 
great wheel D and the small wheel JH, and let 
the string F remain upon the wheels l) and Gf. 
Take away the bearer MX from the whirling- 
board d^ and instead thereof put the machine 
JUS upon it^ fixing this machine to the centre 
of the board by the pins c and d, in such a 
manner^ that the end ef may rise above the 
Theabsur-.t)oard to an angle of 30 or 40 degrees. In the 
Cartesian* Upper sidc of this machine are two glass tubes 
vortexes, a arid hy close stopped at both ends ; and each 
tube is about three-quarters full of water. In 
the tube a is a little quicksilver, which natural- 
ly falls down to the end a in the water^ because 






* The whole doctrine of central forces may be summed up ia 
the following general proposition, viz. 

If two bodies move round the same centre by the influence of 
central forces, viz. the centrifugal or projectile force ; and the 
centripetal or attracting force ; then, these central forces will be 
directly proportional to the quantity of matter or weights of the 
bodies — to their distances from the centre of motion — and to the 
squares of their velocities; and inversely proportional to the 
squares of their periodical times, or times of performing a com- • 
pleie revolution. Hence if B and b represent the respective 
weights of the two bodies, D and d their distances from the cen- 
tre of motion, V and v their velocities, P and p their periodical 
times, and F and f their central forces, then 

BDVV bdvv 

F : f : : : 

PP pp 

Now if any one or more of these quantities expressed by the 
same letters be considered as equal to each other, then the pro- 
portion of F to f will be expressed by the remainmg letters J for 
instance, if Bzsbj then DVV dvv 

F : f : : : — 

PP pp 

' If the square of the periodical times be as the cube of the dis« 
tance, as is known to be the case with all the bodies m the solar 
system, then (all other things being equal) 1 1 

F : f : : • — 

DD dd 
that is the central force decreases as the square of the distance 
increases.— A.Ed. 
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it is heavier than its bulk of water ; and in the 
tnbe bis B, small cork which floats on the top 
of the water at e^ because it is lighter ; and it 
is small enough to have liberty to rise or fall in 
the tube. While the board b with this machine 
upon it continues at rest, the quicksilver lies 
at the bottom of the tube a, and the cork floats 
on the water near the top of the tube b. But, 
upon turning the winch, and putting the ma- 
chine in motion, the contents of each tube will 
fly oflT toward tlic uppermost ends, (which are 
farthest from the centre of motion) the heaviest 
with the greatest force. Therefore the quick- 
silver in the tube a will fly oif quite to the end 
/, and occupy its bulk of space there, exclud- 
ing the water from that place, because it is 
lighter than quicksilver ; but the water in the 
tube b flying off to its higher end e, will exclude 
the cork from that place, and cause the cork to 
descend toward the lowermost end of the tube, 
where it will remain upon the lowest end of 
the water near b ; for the heavier body having 
the greater centrifugal force, will therefore pos- 
sess the uppermost part of the tube; and the 
lighter body will keep between the heavier and 
the lowermost part. 

This demonstrates the absurditv of the Car- 
tesian doctrine of the planets moving round the 
sun in vortexes : for, if the planet be more 
dense or heavy thiin its bulk of the vortex, it 
will fly off therein, farther and farther from the 
fiun; if less dense, it will come down to the 
lowest part of the vortex at the sun ; and the 
whole vortex itself must be surrounded with 
something like a great wall, otherwise it would 
fly quite off, planets and all together. But 
while gravity exists, there is no occasion for 
such vortexes ; and when it ceases to exist, a 

VOJi. T« M 
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PiATE IV. stone thrown upward \vill never return to the 

earth again. 
If one bo- Q. If a body be so placed on the whh'ling- 
round M- hoard of the machine (Fig. 1.) that the centre 
other.boih of gravity of the body be directly over the ceh- 
musimove*^'® of tlie board, and the board be put into ever 
round SO rapid a motion by the winch B^ the body 
mon'c'Lr'^vill turn round with the board, but will not re- 
tre of move from the middle of it ; for, as all parts of 
gravity, jj^^ body are in equilibrio round its centre of - 
gravity, and the centre of gravity is at rest in 
the centre of motion, the centrifugal force of 
all parts of the body will be equal at equal dis- 
tances from its centre of motion, and therefore 
the body will remain in its place. But if the 
centre of gi*avi(y be placed ever so little out of 
the centre of motion, and the machine be turn- 
ed swiftly round, the body will fly oflT toward 
that side of the board on which its centre of 
rjff4- gravity lies. Thus, if the wire C, with its little 
ball if, be taken away from the demi-globe Jl^ 
and the flat side ef of this demi-globe be laid 
upon the whirling- board of the machine, so that 
their centres iuay coincide ; then the board be- 
ing turned ever so quick by.tlie winch, the demi- 
globe will remain where it was placed. But if 
Hie wire C be screwed into the demi-globe at 
rf, the whole becomes one body, whose centre 
of gravity is now at or near d. Let the pin c 
be fixed in the centre of the whirling-board^ 
and the deep groove b cut in the flat side of the 
demi-globe fje put upon the pin, so as the pin 
Fiff. 5. may be in the centre of t^f, [See Fig. 5, where 
this groove is represented at 6] and let the 
whirling-board be turned by the winch, which 
will carry tlic little ball B (Fig. 4.) witl^ its 
ware C, and the demi-globe c3, all round the . 
centre pin ci; and then, the centrifugal force 
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of the little ball B^ wliicli weiglis only one ^^^^ ^^'' 
ounce^ will be so great as to draw off tiie demi- 
globe *S.j which weighs two pounds^ until the 
end of the groove at e strikes against the pin c, 
and so prevents the demi-globe A from going 
any farther; otherwise, the centrifugal force of 
B would have been great enough to have carried 
mS. quite off the whirling-board : this shows, that 
if the sun were placed in the very centre of the 
orbits of the planets, it could not possibly re- 
main there; for the centrifugal forces of the 
planets would carry tlicm quite off, and the sun 
•with them, especially when several of them 
happened to be in any one quarter of the hea- 
vens. For the sun and planets are as much 
connected by the mutual attraction that su1)sists 
between them, as the bodies Jl and B are by 
the wire C which is fixed into them both. And . 
even if there were but one single planet in the 
whole heavens to go round ever so large a sun 
in the centre of its orbit, its centrifugal force 
would soon carry off both itself and the sun» 
For, the greatest body placed in any part of 
free space might be easily moved ; because, if 
there were no other body to attract it, it could 
have no weight or gravity of itself; and con- 
sequently, though it could have no tendency of 
itself to remove from that part of space, yet it 
might be very easily moved by any other sub- 
stance. 

10. As the centrifugal force of the liglit body 
B will not allow the heavy body Jl to remain 
in the centre of motion, even though it be 34i 
times as heavy as B ; let us new take the ball Fig' 6: 
•A (Fig. 6.) which weighs six ounces, and con- 
nect it by the wire C with the ball B, which 
weighs only one ounce ; and let the fork E be 
fixed into the centre of the whirling-board : 
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then hang the balls upon the fork by the wire 
C in such a manner that they may exactly ba- 
lance each other, which will be the case when 
the centre of gravity between them, in the w ire 
at df is suppoi-ted by the fork. And this cen^ 
tre of gravity is as much nearer to the centre 
of the ball A^ than to the centre of the ball £f 
as .A is heavier than jB, allowing for the weight 
of the wire on each side of the fork. This 
done, let the machine be put into motion by 
the winch; and the balls A and B will go 
round their cunimon centre of gravity rf, keep- 
ing their balance, because neitho.r will allow 
the. other to fly oft* with it. For, supposing the 
ball J? to be only one ounce in weight, and the 
ball A to be 6 ounces, then, if the wire C were 
equally heavy on each side of the fork, the 
centre of gravity d would be six times as far 
from the centre of the ball t3, and consequent- 
ly jB will revolve with a velocity six times as 
great as A does, which will give B six times as 
much centrifugal force as any single ounce of 
A has ; but then, as B is only one ounce, and 
•4 six ounces, the whole centrifugal force of A 
will exactly balance the whole centrifugal force 
of JR.- and therefore each body will detain the 
other so as to make it keep in its circle. This 
shows that the sun and planets must all move 
round the common centre of gravity of the whole 
system, in order to preserve that just balance 
which takes place among them. For the plan. ^9 
. being as inactive and dead as the above balie^ 
they could no more have put themselves into 
motion, than these balls can ; nor have kept in 
their orbits without being balanced at first with 
the greatest degree of exactiiess upon their* 
common centre, of gravity, by the Almighty 
Hand that made tUem^ ^nd put them ip laotion. 
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Perhaps it may be here asked, that since the 
centre of gravity between tiicse balls must be 
supported l)y^the fork E in this experiment, 
what prop is it that supports the centre of gra- 
vity of the solar system, and consequently bears 
the weight of all the bodies in it ; and by what 
is the prop itself supported ? The answer is 
easy and plain ; for the centre of gravity of our 
balls must be supported, because they gravitate 
toward the earth, arid w ould therefore fall to 
it : but as the sun and planets gravitate only 
toward one another, they have nothing else to 
fall to ; and therefore have no oc<iasion for any 
thing to support their common centre of gra- 
vity ;, and if they did not move round that cen- 
tre, and consequently acquire a tendency to fly 
oflF from it by their motions, their mutual at- 
tractions would soon bring them together ; and 
80 the whole would become one mass in the 
sun : which would also be the ease if their ve- 
locities round the sun were not quick enough 
to create a centrifugal force equal to the sun^s 
attraction. 

But after all this nice adjustment, it appears 
evident that the Deity cannot withdraw his re- 
gulating hand from his works, and leave them 
to be solely governed by the laws which he has 
impressed upon them at first. For if he should 
once leave them so, their order would in time 
come to an end; because the planets must ne« 
cessarily disturb one another's motion by their 
mutual attractions, when several of them arc in 
the same quarter of the heavens, as is often the 
case : and then, as they attract the sun more 
toward that quarter than when they are in a 
manner dispersed equally around him, if he 
were not at that time made to describe a portion 
of a larger circle round the common centre of 
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Pmtk IV. gFavity, the balance would then be immediately 
destroyed; and as it could never restore itself 
again^ the whole system would begin to fall to. 
gether^ and would in time unite in a mass at 
the sun.* Of this disturbance we have a very 
remarkable instance in the comet which ap- 
peared lately ; and which, in going last up be- 
fore from the sun, went so near to Jupiter, and 

, was so affected by his attraction, as to have the 

figure of its orbit much cllanged ; and not only 
so, but to have its period altered, and its course 
to be different in the heavens from what it was 
last before. 

Fig.r. 11. Take away the fork and balls from the 

whirling-board, and place the trough AB there- 
on, fixing its centre to the centre of the whirl- 
ing-board by the pin H. In this trough are 
two balls D and J5, of unequal weights, connect- 
ed by a wire/; and made to slide easily upon 
/ the wire C stretched from end to end of the 
trough, and made fast by nut-screws on the out- 
side of the ends. Let these balls be so placed 
upon the wire C, that their common centre of 
gravity g may be directly over the centre of the 
whirling-board. Then, turn the machine by 
the winch, ever sa swiftly, and the trough and * 
balls will go round their centre of gravity, so as' 
neither of the balls will fly off; because, on ac- 
count of the equilibrium, each ball detains the 
other with an equal force acting against it. But 

• Although it is rtndoubtedly true, that the Constant exertion 
of Almighty Power, is necessary to preserve the order, regularity, 
and even existence, of creation ; yet, so far as we know, this 
power is always exercised according to fixed. and invariable laws. 
In the case mentioned above, it is necessaiy to suppose nothing 
but the continued influence of the power of gravitation. When 
several of the planets are in the same quarter of the heavens, the 
common centre of gravity of the system is changed, and the sun 
does indeed describe a portion of a greater circle than it other- 
wise would ; — but this is not by any supernatural tx.tvxXon of pow« 
er, but according to the fixed laws of gravitation;— A. Ed. 
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if the ball E be drawn a little more toward tliePi^"s iv. 
end of the trough at A^ it will remove the cen- 
tre of gravity toward that end from the centre 
of motion ; and then, upon turning the machine, 
the little ball E will iiy off, and strike with a 
considerable force against the end Jl^ and draw 
the great ball B into the middle of the trough. 
Or, if the great ball D be drawn toward the 
end B of the trough, so that the centre of gra- 
vity may be a little toward that end from the 
centre of motion, and tlie machine be turned by 
the winch, the great ball I) will fly off, and 
strike violently against the end B of the trough, 
and will bring the little ball E into the middle 
of it. If the trough be not made very strong, 
the ball 1) will break through it. 

JE^periments relative to the Doctrine of the 

Tides. 

The reason why the tides rise at the same 
absolute time on opposite sides of the earth, 
and consequently in opposite directions, is made 
abundantly plain by a new experiment on the 
whirling-table. The cause of their rising on the 
flide next the moon every one understands to 
be owing to the moon^s attraction : but why 
they should rise on the opposite side at the 
same time, where there is no moon to attract 
them, is perhaps not so generally understood, 
for it would seem that the moon should rather 
draw the waters, as it were, closer to that side, 
than raise them upon it, directly contrary to her 
attractive force. Let the circle abed represent Fig. s. 
the earth, with its side c turned toward the 
moon, which will then attract the waters so as 
to raise them from c to g. But the question is, 
iThy should they rise as high at that very time 
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PiATE IV. on the opposite side, from a to c .^ In order to 
Fig. 9. explain this, let there be a plate AB fixed upon 
one end of the flat bar DC, with such a circle 
drawn upon it as abed (in Fig. 8.) to represent 
the round figure of the earth and sea; and such 
an ellipsis as efgh to represent the swelling of 
the tide at e and g, occasioned by the influence 
of the moon. Over this plate AB let the three 
ivory balls e, f g, be hung by the silk lines 
hy i, kj fastened to the tops of the crooked wires 
Hj I, R\ in such a manner that the ball at e may 
hang freely over the side of the circle e, which ■ 
is farthest from the moon M at the other end of 
the bar ; the ball at/ may hang freely over the 
centre, and the ball at g hang over the side of 
the circle g which is nearest the moon. The 
ball/ may represent the centre of the earth, the 
ball g some water on the side next the moon, 
arid the ball e some water on the opposite side. 
On the back of the moon M is fixed the short 
bar JV^ parallel to the horizon, and there are 
tliree holes in it above the little weights p, y, r. 
A silk thread o is tied to the line k close above 
the ball g, and passing by one side of the moon 
*W, goes through a hole in tlie bar JK*, and has 
the weight p hung to it. Another such tliread 
Qi is tied to the line i, close above the ball jf> 
and passing through the centre of the moon M[ 
and middle of the bar tTV*, has the weight q 
hung to it, which is lighter than the weight p. 
A third thread m is tied to the line A, close 
above the ball e, and passing by the other side 
of the moon •M, through the bar JV, has the 
weight r hung to it, which is lighter than the 
weight q. 

The use of these thiree unequal weights is to 
represent he moon's unequal attraction at dif- 
ferent distances from her* With whatever force 
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she attracts the centre of the earth, she attracts Piate iv. 
the side next her with a greater degree of force, 
and the side farthest from her with a less. So, 
if the weights be left at liberty, they will draw 
all the three balls toward the moon with dif- 
ferent degrees of force, and cause them to make 
the appearance shown in Fig. .10; by Mhich^ig. lo, 
means they are evidently farther fi'om each 
other than they would be if they hung at liberty 
by the lines A, i, Tc ,• because the lines would 
then hang perpendicularly. This shows, that 
as the moon attracts the side of the earth which 
is nearest her with a greater degree of force 
than she does the centre of the earth, she will 
draw the water on that side more than she 
draws the centre, and so cause it to rise on that 
side ; and as she draws the centre more than 
she draws the opposite side, the centre will re- 
eede farther from the surface of the water on 
that opposite side, and so leave it as high there 
as she raised it on the side next to her. For, 
as the centre will be in the middle between the 
(ops of the opposite elevations, they must of 
eourse be equally high on both sides at the same 
time. 

But upon this supposition the earth and moon 
mnst soon come together : and so in fact they * 
would, if they had not a motion round their 
common centre of gravity, to create a degree 
of centrifugal force sufficient to balance their 
mutual attraction. This motion they have ; for, 
as the moon goes round her orbit every month, 
at the distance of 240,000 miles from the earth^s 
centre, and of 234,000 miles from the centre of 
gravity of the earth and moon, so does the earth 
go round the same centre of gravity every month 
at the distance of 6000 miles from it ; that is;^ 
from it to the centre of the earth. Now as the 
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PsAw IV. earth is (in round numbers) 8000 miles in dia* 
meter, it is plain that its side next the moon is 
only 2000 miles from the common centre of 
gravity of the earth and moon ; its centre 6000 
miles distant therefii>m ; and its farther side 
from the moon 10,000 : tlierefore the centri- 
fugal forces of these parts are as 2000, 6000, 
and 10,000; that is, the centrifugal force of 
any side of the earth, when it is turned from the 
moon, is five times as great as when it is turned 
toward the moon : and as the moon's attraction 
(expressed by the numbers 6000, . &c. ) at the 
earth's centre keeps the earth- from flying out 
of this monthly circle, it must be greater than 
the centrifugal force of the waters on the side 
next her; and, consequently, her greater degree 
of attraction on that side is sufficient to raise 
them ; but as her attraction on the opposite side 
is less than the centrifugal force of the water 
there, the excess of this force is sufficient to 
raise the water just as high on the o])posite side. 

Fig. 9, To prove tjiis experimentally, let the bar DC^ 
with its furniture, he fixed upon the whirling- 
board of the machine (Fig. 1.) ^^y pushing the 
pin P into the centre of the board ; which pin 
iis in the centre of gravity of the whole bar with 
• its three balls e, /, g^ and moon M* Now if 
the whirling-board and bar be turned slowly 
round by the winch until the ball/ hangs over 
the centre of the circle, as in Fig. 11, the ball 
g will be kept tov»'ard tJie moon by the heaviest 
weight p (Fig. 9. ), and tlie ball e, on account 
of its greater centrifugal force, and the lesser 
weight r, will fly off as far to the other side^ as 
in Fig, lit And thus, while the machine is 
kept turning, the balls e and g will hang over 
the end of the ellipsis Ifk; so that the centri- 
fu^Q.! force of the ball e will exceed the moon's 
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littraction just as much as her attraction exceeds 
the centrifugal force of the ball g^ wliile her 
Attraction just balances the centrifugal force 
of the ball /, and makes it keep in its circle. 
And hence it is evident^ that the tides must 
rise to equal heights at the same time on oppo- 
site sides of the earth. This experiment^ to 
the best of my knowledge, is entirely new. 

From the principles thus established, it is The 
levident that the earth moves round the sun, and ^^^^'^ 

11 1 1% • •£• "lotion 

not the sun round the earth ; for the centrifu- dciuon. 
gal law will never allow a great body to move*^*^^^* 
round a small one in any orbit whatever ; es- 
pecially when we find that if a small body moves 
round a great one, the great one must also 
move round the common centre of gravity be- 
tween them; and it is well known that the 
quantity of matter in the sun is 227^000 times 
•as great as the quantity of matter in the earth. 
Now, as the sun^s distance from the earth is at 
least 81,000,000 of miles ; if we divide that 
distance by SS7?000, we shall have only 357 
for the number of miles that the centre of gravity 
between the sun and earth is distant from the 
sun^s centre. And as the sun^s semidiamcter 
is ^ of a degree, which, at so great a distance 
as that of the sun, must be no less than 361,500 
milei^ ; if this be divided by 357? the quotient 
will be nearly 10G9, which shows that the com- 
mon centre of gravity between the sun and the 
earth is within the body of the sun ; and is on- 
ly the 1069th part of his §emidiameter from his 
centre towards his surface. 

All globular bodies, whose parts can yield, 
and which do not turn on their axes, must ue 
perfect spheres, because all parts of their sur- 
faces are equally attracted toward their centres. 
JBut all such bodies which do turn on their 9iX!^9, 
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Flats iy. Will be oblate spheroids ; that is^ their surfaces 
will be higher^ or farther from the centre^ in 
the equatorial than iu the polar regions. For^ 
as the equatorisfi ^arts move quickest^ they musfc 
have the greatest centrifugal force; and will 
therefore recede farthest from the axis of mo- 

^'^s- 12. tion. Thus, if two circular hoops JLB and CD 
made tiiin and flexible, and crossing one ano* 
ther at right angles, be turned round their axis 
EF by means of the winch w, tlie wheel n aad 
pinion o, and the axis be loose in the pole or 
intersection e, the middle parts A^B^ C^B^ will 
swell out so as to ptrike against the sides of the 
frame at F and 6?; if the pole e, in sinking to 
the pin jB, be not stopped by it from sinking 
farther : so that tlie whole will appear of an 
oval figure, the equatorial diameter being con- 
siderably longer than the polar. That our earth 
is of this figure, is demonstrable from the actual 
measurement of some degrees on its surface^ 
which are found to be longer in the frigid zones 
than in the torrid:* and the difference is found 
to be such as proves the earth's equatorial dia- 
meter to be 36 miles longer than its axis. See- 
ing then, the earth is higher at the equator than 

* St. Pierre (Studies of Nature, vol. 1) has attempted to de- 
monstrate, that if a degi*ee of the meridian be longer at the 
pole than at the equator, the earlli mMSt be a prolate spheroid* 
i. e» len;4thened out at the poles. Upon this principle he at- 
tempts to explain the tides and the currents in the ocean, which, 
he supposes to be occasioned by the periodical meliin^ of the 
polar glaciers. It is remarkable that this author, who certainly 
deserves praise as a naturalist, should have committed a mistake 
of which a school boy might be ashamed. At the beginning of 
his demonstration, he supposes that the figure of the earth is cir^ 
cular, or, in other words, he supposes that it is not an oblate 
spheriod, before he begins to demonstrate that it is a prolate 
one. His theory of the tides, therefore, must be false, as it is 
built upon false principles. — See a paper in the Edinburgh Maga- 
zine for December 1800. written by the Editor of this work, 
where the fallacy of St. Pierre's reasoning is detected, and the 
doc trine gf Newton demonstnited. — £. Ed. 
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at the poles, the sea, which like all other fluids 
naturally runs downward, (or toward the places 
'which are nearest the earth^s centre), would run 
toward the polar regions, and leave the equato- 
rial parts ^y, if the centrifugal force of the 
water, which carried it to those parts, and so 
iftised them, did not detain and keep it from 
ronning back again toward the poles of the 
earth- 
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The foun- IF we Consider bodies in motion, and 

^J^]^*^^. compare them together, we may do this either 
nicB. with respect to the quantities of matter they 
contain^ or the velocities with whicli they are 
moved. The heavier any body is, the greater 
is the power required either to move it or to 
stop its motion ; and again, the swifter it moves^ 
the'greatcr is its force. So that the whole tno^ 
mentum or quantity of force of a moving body 
is the result of its quantity of matter multiplied 
by the velocity with which it is moved ; and 
when the products arising from the multiplica- 
tipn of the particular quantities of matter in any 
two bodies by their respective velocities are 
equal, the momenta or entirfr forces are so too. 
Thus, suppose a body, which we shall call .^ 
to weigh 40 pounds, and to move at the rate of 
two miles in a minute ; and another body, which 
we shall call Jf, to weigh only four pounds, and 
to move 20 miles in a minute ; the entire forces 
with which these two bodies would strike against 
any obstacle, would be equal to each other; and 
therefore it would require equal powers to stop 
them : for 40 multiplied by 3 gives 80, the 
force of the body A; and 20 multiplied by 4 
give 80, the force of the body B. 

Upon this easy principle depends the whole 
of mechanics : and it holds universally true^ 
that when two bodies are suspended on any 
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machine^ so as to act contrary to each other, if 
the machine be put into motion, and the per- 
pendicular ascent of one body multiplied into 
its weight, be equal to the perpendicular descent 
of the other body multiplied into its weight, 
those bodies, how unequal soever in their 
weight, will balance one another in all situa- 
tions : for, as the whole ascent of one is per- 
formed in the same time with the tvhole descent . 
of the other, tlieir respective velocities must be 
directly as the spaces they move through ; and 
the excess of weight in one body is compensated 
by the excess of velocity in the other. Upon How to 
this principle it is easy to compute the power of *^^'"P"^« 
any mechanical engine, whether simple or com- of any me* 
pound ; for it is only finding how much swifter «'haHicai 
the power moves than the weight does, {'i. e. *^^^^^' 
how much farther in the same time), and just 
go much is the power increased by the help of 
the engine. 

In the theory of this science, we suppose all 
planes perfectly even, all bodies perfectly 
smooth, levers to -have no weight, cords to be 
extremely pliable, machines to have no friction ; 
and, in short, all imperfections must be set aside 
until the theory be established ; and then pro- 
per allowances are to be made. 

The simple machines ^ usually called mecha^ The mc- 
Tiical jfotterSy are six in number,* viz. the le- ^hanic 
ver^ the wheel and axle^ the pulley ^ the inclined what" 
plane^ the wedge^ and the screw. They are 

* Some writers on mechanics exclude the incUned plane from 
the number of tbe mechanical powers, while others add the ba- . 
lance to the number. AU the mechanical powers may, with 
l^eat propriety be reduced to two, tlie leyer and the inclined 
PI.AXK. The piiifey, the roheel and axle, are merely an assemb- 
lage of levers. The -wedge is. evidently composed of two inclin- 
ed planes ; and the 9crev> is merely a wedg^ wrapped round a cy- 
lipder. — ^E. Ed. 
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called mechanical powers, because they help 
us mechanically to raise weights, move heavy 
bodies, and overcome resistance, which we 
could not effect without them. 

1. Of, the Lever. 

A lever is a bar of iron or wood, one part of 
which being supported by a prop, all the other 
parts turn upon that prop as their centre of mo- 
tion ; and the velocity of every part or point is 
directly as its distance from the prop. There- 
fore, when the weight to be raised at one end 
is to the power applied to the other to raise i^ 
as the distance of the power from the prop is to ' 
the distance of the weight from the prop, .{he 
power and weight will exactly balance or conii- 
terpoise each other ; and as a common levet 
has next to no friction on its prop, a very little ' 
additional power will be sufficient to raise, the 
weight. 

There are four kinds of levers. * 1 . The com- 
mon sort, where the prop is placed between the 
weight and the power, but much nearer to the 
weight than to the power ; 2. When the prop is 
at one end of the lever, the power at the other, 
and the weight between them; 3. When the 
prop is at one end, the weight at the other, and 
the power applied between them ; 4. The bend- 
ed lever, which differs only in form from the 
first sort, but not in propei-ty. Those of the 
first and second kind are often used in mecha- 
nical engines ; but there are few instances in 
which the third sort is used.f 

* There are only three kinds of levers, as the fourth species 
mentioned by tfie author differs from the first merely in shape. 
£. £jD. . ' ■ 

f For an account of what is called Mechanical Arithmetics 
'which is performed by moving weights on the arm of a lever, see 
Adams's Natural Philosophy, y. 3, p. 276. — ^E. Ed. 
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A common balance is by some reckoned a Plate v, 
lefer of the first kind; but as both its ends arex^e 
at equal distances from its centre of motion^ balance. 
they move with equal velocities; and there- 
fore^ as it gives no mechanical advantage^ it 
cannot properly be reckoned among the mecha- 
nical powers.* 

A lever of the first kind is represented by the Fig:, l 
bar JlBC, supported by the prop D. Its prin- '^^^^^ ^'/^ 
cipal use is to loosen large stones in the ground^ lever. 
or raise great weights to small heights^ in order 
to have ropes put under them for raising them 
higher by other machines. The parts «£B and 
J}C^ on different sides of tlie prop D^ are called 
the arms of the lever : the end •! of the short- 
er arm JlB being applied to the weight intend- 
ed to be raised^ or to the resistance to be over- 
come j and the power applied to the end C of 
the longer arm BC. 

' In making experiments with this machine^ 
the shorter amn Jlli must be as much thicker 
than- the longer arm BC, as will be sufficient 
to balance it on the prop. This supposed^ let 
P represent a pow^er, whose gravity is equal to 
one ounce ; and W a weight, whose gravity is 
equal to IS ounces. Then, if the power be IS 
times as far from the prop as the weight is, they 
will exactly counterpoise ; and a small addition 
to the power P will cause it to descend, and 
raise the weight W; and the velocity with which 
the power descends will be to the velocity with 
which the weight rises, as IS to 1 ; that is, 
directly as their distances from the prop ; and 

• The following curious property of the balance is mentioned 
by Helsham. — If a man placed in one scale, and counterpoised by 
& wei(j^lit in the other, presses the beam upwards, lie will ihu« 
cause the scale in which he stands to preponderate — E. Ed. 
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consequently, as the spaces through which they 
move. Hence it is plain, that a man, who* by 
his natural strength, without the help of any 
machine, could support an hundred-weigh^ 
will, by the help of this lever, be enabled to 
support twelve hundred. If the weight be less, 
or the power greater, the prop may be placed 
so much farther from the weight, and then it 
can be raised to a proportionably greater height. 
For, universally, if the intensity of the weight 
multiplied into its distance from the prop, be 
equal to the intensity of the power multiplied 
into its distance from the prop, the power and 
weight will exactly balance each other ; and a 
little addition to the power will raise the weight. 
Thus, in the present instance^ the weight Ir is 
12 ounces, and its distance from the prop is 1 
inch ; and IS multiplied by 1 is i S ; the power 
P is equal to 1 ounce, and its distance from 
the prop is IS inches, which multiplied by 1 is 
also IS ; and therefore there is an equilibrium 
between them. So, if a power equal to 2 ounces 
be applied at the distance of 6 inches from 
the prop, it will just balance the weight Wf for . 
6 multiplied by 2 is IS, as before. And a pow- 
er equal to 3 ounces, placed at 4i inches distance 
from the prop would be the same ; for 3 times 
4 is IS ; an(l so on in proportion. 
The steel- The statera or Romap steelyard is a lever of 
^^ this kind, and is used for finding the weights of 

difterent bodies by one single weight placed at 
different distances from the prop or centre of 
motion D. For, if a scale hangs at .i, the ex- 
tremity of the shorter arm AB^ and is of such a 
weight as will exactly counterpoise the longer 
arm BC ; if this arm be divided into as lAany 
equal parts as it will contain, each equal to 
•2jB, the Single weight P, (which we may sup* 
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pose to be 1 pound)^ will serve for weighing pulte v. 
any thing as heavy as itself, or as many times 
heavier as there are divisions in the arm BC, 
or any quantity between its own weight and 
that quantity. As, for example, if P be 1 
pound, and placed at the first division 1 in the 
arm J3C, it will balance 1 pound in the scale 
nt jI ; if it be removed to the second division 
at S, it will balance 2 pounds in the scale ; if 
to the third, 3 pounds ; and so on to the end 
of the arm BC. If each of these integral di- 
visions be subdivided into as many equal parts 
as a pound contains ounces, and the weight jP 
be placed at any of the subdivisions, so as to 
counterpoise what is in the scale, the pounds 
and odd ounces therein will, by that means, be 
ascertained. 

To this kind of lever may be reduced seve- 
ral sorts of instruments, such as scissars, pin- 
cers, snuflfers, which are made of two levers, 
acting contrary to one another ; their prop or 
centre of motion being the pin which keeps 
them together. 

In common practice, the longer arm of this 
lever greatly exceeds the weight of the shorter, 
which gain$ great advantage, because it adds so 
much to the power. 

A lever of the second kind has the weight The se- 
between the prop and the power. In this, aSofigygr"^ 
well as the former, the advantage gained is as 
the distance of the power from the prop to the 
distance of the weight from the prop : for the 
respective velocities of the power and weight 
are in that proportion ; and they will balance 
each other when the intensity of the power 
multiplied by its distance from the prop is equal 
to the intensity of the weight multiplied by its 
distance from the prop. Thus, tf JB be a Fig. 2. 
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lever on which the weight Wof6 ounces hangs 
at the distance of 1 inch from the prop Gf, and 
a power P equal to the weight of one ounce 
hangs at the end of B^ 6 inches from the prop^ 
by tlie cord CD going over the fixed pulley 
JB, the power will just support the weight: 
and a small addition to the power will raise 
the weight 1 inch for every 6 inches that the 
power descends. 

This lever shows the reason wliy two men 
carrying a burden upon a stick between them^ 
bear unequal shares of the burden in the in- 
verse proportion of their distances from it. For, 
it it well known^ that the nearer any of them 
is to the burden, the' greater share he bears of 
it ; and if he goes directly under it, he bears 
the whole. So, if one man be at Cr, and the 
other at P, having the pole or stick AB rest- 
ing on their shoulders ; if the burden or weight 
TV be placed five times as near the man at Gy 
as it is to the man at P, the former will bear 
five times as much weight as the latter. This 
is likewise applicable to the case of two horses 
of unequal strength to be so yoked, as that 
each horse may draw a part proportionate to 
his strength; which is done by so dividing the 
beam they pull, that the point of traction may 
be as much nearer to the stronger horse than 
to the weaker, as the strength of the former 
exceeds that of the latter. 

To this kind of lever may be reduced oars, 
rudders of ships, doors turning upon hinges, 
cutting-knives which are fixed at the point of 
the blade, and the like. 
The third If iu this Icver we suppose the power and 
kind of \ireight.to change places, so that the power 
maybe between the weight and the prop, it 
will become » lever of the third kind ; ia 
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Mrhicli, that there may be a balance between piat* v* 
the power and the weight, the intensity of the 
power must exceed the intensity of the weight, 
just as many times as the distance of the weight 
from the prop exceeds the distance of the power 
from it. Thus, let E be the prop of the lever 
«£B, and W a weight of 1 pound, placed 3 f»&- 3. 
times as far from the prop, as the power P 
acting at JP, by the cord C going over the fixed 
pulley D/ in this case, the power must be 
equal to 3 pounds, in order to support the 
weight. 

To this sort of lever are generally referred 
flie bones of a man's arm ;* for, when we lift a 
weight by the hand, the muscle that exerts its 
force to raise the weight, is fixed to the bone 
about one-tenth part as far below the elbow as 
the hand is : and the elbow being the centre 
round which the lower part of the ^rm turns, 
the muscle must therefore exert a force ten 
times as ji^reat as the weijght that is raised. 

As this kind of lever is a disadvantage to the 
moving power, it is never used but in cases of 
necessity, such as that of a ladder, which, being 
fixed at one end, is by the strength of a man's 
arms reared against a wall ; and in clock-work, 
where all the wheels may be reckoned levers 
of this kind, because the power that moves 
every wheel, except the first, acts upon it near 
the centr#of motion, by means of a small pi- 
nion, and the resistance it has to overcome, 
acts against the teeth round its circumference. 

The fourth kind of lever differs nothing from The 4th 
the first, but in being bended for the sake of |^'"^j.°^ 
convenience. •ACB is a lever of this sort. Fig. 4. 

* Almost all the moyeable bones of animals are levers of the 
third kind. See JBorelli de Mom •^nima&vm.-'-B. £d. 
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Plat» v. bended at C, which is its prop^ or centre, of 
motion. P is a power acting upon the longer 
arm .AC ni F^ by means of the cord DE going 
over the pulley G ; and fF is a weight or re- 
sistance acting upon the end B of the shorter 
arm BC. If the power be to the weight, as 
CB is to CFy they are in equilibrio. Thus, 
suppose fF to be 5 pounds acting at the dis- 
tance of 1 foot from the centre of motion C> 
and P to be 1 pound acting at P, 5 feet from the 
centre C, the power and weight will just ba- 
lance each other. A claw hammer, when used 
in drawing a nail, is a lever of this sort. 

2. Of the Wheel and Jlxle. 

The second mechanical power is the wheel 
and axle^^ in which the power is applied to the 
circumference of the wheel, and the weight is 
raised by a rope which coils about the axle as 
the wheel is turned round. Here *JCis plaia 
that the velocity of the power must be* to the 
velocity of the weight, as the circumference of 
the wheel is to the circumference of the axle : 
and consequently, the power and weight will 
balance each other, when the intensity of the 
power is to the intensity of the weight, as the 
circumference of the axle is to the circumfer- 
Fig. 5. ence of the wheel. Let JIB be a wheel, CD 
its axle, and suppose the circumfereAee of the 
wheel to be 8 times as great as the circumfer- 
ence of the axle ; then a power P equal to 1 
pound hanging by the cord I which goes round 
the wheel, will balance a weight H^ of 8 pounds, 
hanging by the rope jBT, which goes round the 

* Spmetimes called the axi9 in Peritrochio. To this tmlj be re- 
duced all cranes for nosing weights, the capstane, the wmdlaiiy 
^nd the crank. — £4* Ed, 
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axle. And as the friction on the pivots or 
gudgeons of the axle is but small^ a small ad- 
dition to the power will cause it to descend^ 
and raise the weight ; but the weight will rise 
with only an eighth part of the velocity where- 
with the power descends^ and consequently^ 
through no more than an eighth part of an 
equal space^ in the same time. If the wheel 
be pulled round by the handles Sy S^ the pow- 
er will be increased in proportion to their 
length ; and by this means^ any weight may 
be raised as high as the operator pleases. 

To this sort of engine belong all cranes for 
raising great weights; and in this case^ the 
wheel may have cogs all round it instead of 
handles, and a small lantern or trundle may 
be made to work in the cogs, and be turned by 
a winch ; which will make the power of the 
engine to exceed the power of the man who 
works it, as much as the number of revolutions 
of the winch exceeds \hat of the axle 1>, when 
multiplied by the excess of the length of 'the 
winch above the length cf the semidiameter of 
the axle, added to the semidiameter or half- 
thickness of the rope ^, by which the weight 
is drawn up. Thus, suppose tlie diameter of 
the rope and axle taken together, to be 13 
inches, and consequently, half their diameters 
to be 6^ inches, so that the weight fF will hang 
at 6^ inches perpendicular distance from below 
the centre of the axle. Now, let us suppose 
the wheel AB^ which is fixed on the axie, to 
have 80 cogs, and to be turned by means of a 
winch 64 inches long, fixed on the axis of a 
trundle of 8 staves or rounds, winking in the 
cogs of the wheel. Here it is plain, that the 
winch and trundle would make 10 revolutions 
for one of the wheel AJB^ and its axis D^ ou 
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which the rope K winds in raising the weight 
W; and the winch being no longer than the 
sum of the semidiameters of the great axle and 
rope^ the trundle could have no more power on 
the wheel than a man could have by pulling it 
round by the edge^ because the winch would 
have no greater velocity than, the edge of the 
wheel has, which we here suppose to be 10. 
times as great as the velocity of the risinj 
weight ; so that, in this case, the power gainer 
will be as 10 to 1. But if the length of thei 
•winch be 13 inches, the power gained will be 
. as SO to 1 ; if 19^ inches (which is long enough 
for any man to work by), the power gained 
Would be as 30 to 1 : that is, a man could 
raise 30 times as much by such an engine^ as 
he could do by his natural strength without it; 
because the velocity of the handle of the winch 
would be 30 times as great as the velocity of 
the rising weight ; the absolute force of any en-' 
gine being in proportion of the velocity of the 
power to the velocity of the weight raised by 
it. But then, just as much power or advantage 
as is gained by the engine, so much time is 
lost in working it.^ In this sort of machines 
it is requisite to have a ratchet-wheel G on one 
end of the axle, with a catch H to fall into its 
teeth ; which will at any time support the weighty 
and keep it from descending, if the person who 
turns the handle, should, through inadvertency 
or carelessness, quit his hold while the weight is 

* This maxim, which has found its way into every treatise on 
mechanics, is certainly erroneous. If the impelling^ force of any 
machine is properly proportioned to the resistance to 'be over- 
comcy the work perfirmed increases nearly in the proportion of 
the power employed, when the resistance arises merely from tiie 
inertia of the work; but when the resistance is chiefly occasioned 
by other causes, the work performed increases nearly in the du- 
plicate raUo of the power employed.-*£. £d. 
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rising ; and by this means, the danger is pte- Plat« V« 
vented which might otherwise happen by the 
running down of the weight when left at li- 
berty. 

3. Of the Pulley. 

The third mechanical power or engine con- 
sists either of one moveable pulley y or a system . 
qfpulleySj* some in a block or case which is 
fixed; and others in a block which is moveable^ 
and rises with the weight. For though a sin- 
gle pulley that only turns on its axis, and 
moves not out of its place, may serve to change 
the direction of the power ; yet it can give no 
mechanical advantage thereto ; .but is only a^ 
the beam of a balance, whose arms are of equal 
length and weight. Thus, if the equal weights Fiff* 6- 
W and P hang by the cord BB upon the pul- 
ley Jly Whose frame b is fixed to the beam HI, 
they will counterpoise each other, just in the 
satiie manner as if the cord were cut in the 
middle, and its two ends hung upon the hooks 
fixed in the pulley at Jl and .i, equally distant 
from its centre. 

But when a weight JV hangs at the lower end 
of the moveable block p of the pulley U, and 
the cord GF goes under that pulley, it is plain 
that the half Gf of the cord bears one-half of 
.the weight W^ and the half F the other ; for 
they bear the whole between them. Therefore, 

• A considerable improvement in the construction of the pul* 
ley has been made by Mr. J. White^ for which he has received a 
patent. The apparatus cons.sts of two plulieysy one fixed, and 
the other moveable, each of which has six Concentric grooves^ 
capable of receiving a rope round them« that they may act in the 
same manner as different pulleys, wnose diameters are equal to 
those of the grooves. By t-iis construction, lateral friction is de- 
stroyed, and that species of shaking motion removed with which 
the common pulley is attended. For a further account of thir. 
improvement, we must refer the reader to the English Kncyclo^ 
pedia, v. 5, p. 678.— E. £d. • 
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whatever holds the upper end of either rope^ 
sustains' one-half of the weight; and if the 
eord at F be drawn up so as to raise the pulley 
D to C, the cord will then be extended to its 
whole length; all but that part which goes un- 
der the pulley : and consequently the power 
that draws the cord will have moved twice as 
far as the pulley D with its weight W rises $ 
on which account^ a power whose intensity is 
equal to one-half of the weight will be able to 
support it, because if the power moves (by 
means of a small addition) its velocity will be 
double the velocity of the weight ; as may be 
seen by putting the cord over the fixed pulley 
C, (which only changes the direction of the 
power, without giving any advantage to it), 
and hanging on the weight P, which is equal 
only to one-half the weight W; in which case, 
there will be an equilibrium, and a little addi- 
tion to P will cause it to descend, and raise fF 
through a space equal to one-half of that through 
which P descends. Hence, the advantage gain- 
ed will be always equal to twice the number of 
pulleys in the moveable or undermost block. So 
that when the upper or fixed block u contains 
two pulleys, which only turn on their axis, and 
the lower or moveable block U contains two 
pulleys, which not only turn upon their axia^ 
but also rise with the block and weight; the 
advantage gained by this is as 4 to the working 
power. Thus, if one end of the rope KMO^ 
be fixed to a hook at J, and the rope pass over 
the pulleys JV and It, and under the pulleys L 
and P, having a weight T, . of 1 pound, hung 
to its other end at IT, this weight will balance 
and support a w eight IF of 4 ]>ounds, hang- . 
ing by a hook at the moveable block U, allow- 
ing the said block as a part of the weight : and • 
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if as much more power be added^ as is sufficient 
to overcome the friction of the pulleys, the 
power will descend with four times as much 
velocity as the weight rises, and consequently 
through four times as much space. 

The two pulleys in the fixed block X^ and 
the two in the moveable block F, are in the 
game case with those last mentioned; and 
-those in the lower block give the same advan- 
tage to the power.* 

As a system of pulleys has no great weight, 
and lies in a small compass, it is easily carried 
about, and can be applied in a great many cases, 
for raising weights, where other engines' can- 
not. But they have a great deal of friction 
on three accounts : — 1. Because the diameters 
of their axes bear a very considerable propor- 
tion to their own diameters ;t — 3. Because in 
working they are apt to rub against one ano- 
ther, or against the sides of the block ; — 3. Be- 
cause of the stifihess of the rope that goes over 
and under them. 

4. Of the Inclined Plane. 

The fourth mechanical power is the inclined 
jlaney and the advantage gained by it will be 

• A very CHrious and useful combination of puUeys is descri- 
bed by Mr. Smeaton, in the 47th volume of the Philosophical 
Transactions. The model which he showed the Society, con- 
sisted of 20 shieves, iive on each pin. With this model, which 
could Tje carried in the pocket, he raised six hundred weight s 
and if a larger tackle of the same kind were properly executed, 
ji ton might easily be raised by one man. — E. Ed. 

f An ingenious method of removing the friction of the pulley 
upon its axis, was lately invented by Mr. John Garnett. This 
method consists in interposing six or more cylindrical rollers 
between the axis and internal cavity of the pulley. The extre- 
anities of the pulley's axis are fixed as usual in a block, and the 
ends of the axes of the rollers turn X\\ large holes, made in fiat 
rings of bra^St or iron. This method has been adopted on board 
erf ships ; and it has been fi>und that three men are able to draw 
as much weight by a set of pulleys of that construction, ^Jive 
IBen are able to raise by a similar set of common puUeys. — B. Ed* 
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Pj^Tv Yi. as its length to its perpendiculiar height. Let 
y^^. I. •iB be a plane parallel to the horizon^ and CD 
a plane inclined to it ; and suppose the whole 
length CD to be three times as great as the 
perpendicular height GfF: in tiiis case, the 
cylinder E will be supported upon the plane 
CD, and kept from rolling down upon it, by a 
power equal to a third part of the weight of the 
cylinder. Therefore, a weight may be rolled 
up 'this inclined plane with a third part of the 
power which would be sufficient to draw it lip 
by the side of an upright wall. If the plane 
were four times as long as high, a fourth part 
of the power would be sufficient ; and so on^ 
in proportion. Or, if a weight were to be raised 
from the floor to the height Gt\ by means of 
the machine ABCDy (which would then act as 
a half-wedge, where the resistance gives way 
only on one side), the machine and weight 
would be in equilibrio when the power applied 
at QFwns to the weight to be raised, as GF to 
GB ; and if the power be increased, so as to 
overcome the friction of the machine against 
the 4oor and weight, the machine will be dri- 
ven, and the w eight raised ; and when the ma^t 
chine has moved its whole weight upon the floor, 
the weight wiU be raised to the whole height 
from GioF. 

The force wherewith a rolling body descends 
upon an inclined plane,* is to the force (ff its 

• 

* In the theory o^ inclined planesy the bodies movinj? on them 
should be considered, not as railing, but as sliding without fric* 
tion: for a body rolling or tumbling down the plane will be re- 
tarded in its descent) on uccouni of the vis inertia to be overcome 
in the continuaily-increasing rotatory motion. This may be ea- 
ijily shown by the following experiment : Let a long thread b^ 
wound round any cylindrical body; and from any eminenpe, a^ 
i^oni tjie \yindow of an upper story, holding the end of the 
thread in your hand, let the cylinder descend ; and, for tlie sake of 
joroparison, let another h^avy body descend /^-^e/y at the saxne in- 



Of the Mechanical Powers. fi7 

absolute gravity^ by which it would descend plat» vi. 
perpendicularly in a free space^ as the height 
of the plane is to its length : for, suppose the Fig- ^ 
plane «1B to be parallel to the horizon, the 
cylinder C will keep at rest upon any part of 
the plane where it is laid. If the plane be so Fig. 3. 
elevated, that its perpendicular height D is 
equal to half its length niBy the cylinder will 
roll down upon the plane with a force equal to 
half its weight ; for it would require a power, 
(acting in the direction of JlBj equal to half 
its weight, to keep it from rolling. If the plane Fig. 4. 
mSJB be elevated, so as to be perpendicular to 
the horizon, the cylinder C will descend with 
its whole force of gravity, because the plane 
contributes nothing to its support or hindrance, 
and therefore, it would require a power equal 
to its whole weight to keep it from descending^ 

Let the cylinder C be made to turn upon Fig. 5. 
slender pivots in the frame 1>, in which there 
is a hook e, with a line Gf tied to it :- let this 
line go over the fixed pulley H^ and have its 
other end tied to the hook in the weight /. If 
the weight of the body J, be to the weight of 
the cylinder C, added to that of its frame 1>, 
lus the perpendicular height of the plane LM • 
is to the length t4LB, the weight will just sup* 
port the cylinder upon the plane ; and a small 
touch of a finger will cause it either to ascend 
or descend with equal ease : then, if a little 
addition be made to the weight J, it will de- 
scend, and draw the cylinder up the plane. In ' 
the time that the cylinder moves from Jl to iJ, 
it will rise through the whole height of the 
plane ML ; and the weight will descend from 

iitaiit**tbe latter wiU arrive a^ the ^und consideicably before 
the forcner.— A. Ei>. • . . 
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p*xT» VI. H to Kf through a spaee equal to the whole 
length of the plane JIB. 

a the machine be made to move upon roUera 
or friction-wheels^ and the cylinder be support^ 
ed upon the plane CB hf a line 6? paraHel to 
the plane^ a power somewhat less than that 
which drew the cylinder up the plane will draw 
the plane under the cylinder, provided the pi- 
vots of the axes of the friction-wheels be small^ 
and the wheels themselves be pretty large.—- 

Fig. 6; For, let the machine JlBC, (equal in length 
and height to JlBM, Fig. S.) move upon four 
wheels, two whereof appear at D and E ; and ^ 
the third under C, while the fourth is hid from 
sight by the horizontal board a. Let the cylin- 
der F be laid upon the lower end of the inclined 
plane CJS, and the line G be extended from the 
frame of the cylinder about six feet, parallel to 
the plane CB ; and, in that direction, fixed to 
a hook in the wall ; the cylinder will then be 
supported from rolling off the plane. Let one 
end of the line // be tied to a hook at C in the 
machine, and the other end to a weight K^ some- 
what less than that which drew the cylinder up 
' the plane before. If this line be put over the 
fixed pulley J, the weight K will draw the 
machine along the horizontal plane X, and un- 
der the cylinder F ; and when the machine 
has been" drawn a little more than the whole 
length C«3, the cylinder, will be raised to dy 
equal to the perpendicular height ^iB above 
the horizontal part at •!. The i*eason why the 
machine must be drawn farther than the whole 
length Cd. is, because the weight F rises per- 
pendicularly to CB. 

To the inclined plane may be reduced all 
hatchets, chisels, and other edge-tools which 
are chamfered only on one .side. 
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5. Of the Wedge. Plate vr. 

The fifth mechanical power or machine is the 
ftedge^ which may be considered as two equally 
inclined planes J>£F and CJBJ?', joined together Fig. s; 
at their bases eEFO: then CJD is the whole 
thickness of the wedge at its back %dtBCDy 
where the power is applied ; EF is the depth 
or height of the wedge ; J^JP'the length of one of 
its sides, equal to CF^ the length of the other 
side ;• and OF is its sharp edge, which is en- 
tered into thei wood intended to be split by the 
force of a hammer or mallet striking perpendi- 
cularly on its back. Thus, ABb is a wedge F»e- 9* 
driven into the cleft CJDE of the wood FG. 

When the wood does not cleave at any dis- 
tance before the wedge, there will be an equili- 
brium between the power impelling the wedge 
downward, and the resistance of the wood act- 
ing against the two sides of the wedge, v, hen 
the power is to the resistance, as half the thick- 
ness of the wedge at its back is to the length 
of either of its sides ; because the resistance 
then acts perpendicularly to the sides of the 
wedge. But, when the resistance on each side 
acts, parallel to the back, the power that ba* 
lances the resistance on bolh sides will be as 
the length of the whole back of the wedge is to 
double its perpendicular height. 

When the wood clea\es at any distance be- 
fore the wedge (as it generally does) the power . 
impelling the wedge will not be to the resistance 
of the wood, as the length of the back of the 
wedge is to the length of both its sides ; but 
as half the length of the back is to the length 
of either side of the cleft, estimated from the 
top or acting part of the wedge. For, if we 
suppose the wedge to be lengthened down from 
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Platb VI. ft to the bottom of the cleft at f^ the same prO" 
portion will hold^ namely^ that the power iivdll 
be to the resistance^ as half the length of the - 
back of the wedge is to the length of either of 
its sides ; or^ which amounts to the same things 
as the whole length of the back is to the length 
of both the sides. 

In order to prove what is here advanced con- 
cerning the wedge^ let us suppose the wedge 
to be divided lengthwise into two equal parts ; 
and then it will become two equal inclined 
planes ; one of which, as ahc^ may be made 
^' ' use of as a half- wedge for separating the mould- 
ing cd from the wainscot AB. It is evident^ 
that when this half-wedge has been driven its 
whole length ac between the wainscot and 
moulding, its side ac will be at ed^ and the 
moulding will be separated to fg from the 
wainscot. Now, from what has been already 
proved of the inclined plane, it appears, that 
to have an equilibrium between the power im- 
pelling the half- wedge, and the resistance of the 
Inoulding, the former must be to the latter, as. 
ab to ac ; that is, as the thickness of the back 
which receives the stroke is to the length of 
the side against which the moulding acts. — • 
Therefore, since the power upon the half-wedge 
is to the resistance against its side, as the half« 
back ah is to the whole side ac, it is plain^ 
that the power upon which the whole wedge 
(where the whole back is double the half-back) 
must be to the resistance against both its side»^ 
as the thickness of the whole back is to the 
length of both the sides, supposing the wedge 
at the bottom of the cleft ; or, as the thickness 
of the wh6le back to the length of both sides 
of the cleft, when the wood splits at any dis- 
tance before the wedge* For, when the wedge 
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M driven quite into the wood, and the tvood Px^ts v^. 
Aplits at ever so small a distance before its 
edge, the top of the wedge then becomes the 
acting part, because the Wood does not touch 
it any where else i and since the bottom of the 
cleft must be considered as that part where the 
whole stickage or resistance is accumulated, it 
is plain, from the nature of the lever, that the 
farther the power acts from the resistance, the 
greater is the advantage. 

Some writers have advanced, that the power " 
of the wedge is to the resistance to be over^ 
come, as the thickness of the back of the wedge 
IF to the length only of one of its sides, wliich 
seems very strange ;* for, if we suppose .dLB toF»ff- lo 
be a strong inflexible bar of wood or iron fixed 
into the ground at CJ3, and D and E to be two 
blocks of marble lying on the ground on oppo-< 
Bite sides of the bar; it is evident that the 
block D may be separated from the bar to the^ 
distance rf, equal to afe, by driving the inclined 
plane or half -wedge aho down between them ; 
and the block E may be separated to an equal 
distance on the other side^ in like manner, by 
the half- wedge cdo. But the power impelling 
each half-wedge will be to the resistance of 
the block against its side, as the thickness of 
that half- wedge is to its perpendicular height^ 
because the block will be driven off perpendi- 
cularly to the side of the bar MS. Therefore, 
the power to drive both the half- wedges is to 
both the resistances, as both the half-blocks is 
to the perpendicular height of each half- wedge. 

• The reasons for the different opinions wh'ich have been eu- 
terttiined upon this subject may be seen in Ro-wnin^s JVatnrut 
Philosophy^ chap. 10, part 1; and Ludtam^s MathcTr.atical F.rci::;f 
— -E. Kd. 
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PiATB VI. And if the bar be taken away, the blocks put 
close together, and the two half- wedges joined 
to make one ; it will recjuire as much force to 
drive it down between the blocks, as is equal 
io the sum of the separate powers acting upon 
the half-wedges when the bar was between 
them. 

Fig. 11. To conJBrm this by an experiment, let two 
cylinders, as JlB and CJQ, be drawn toward 
one another by lines running over fixed pulleys, 
and a weight of 4?0 ounces hanging at the lines 
belonging to each cylinder ; and let a wedge of 
40 ounces weight, having its back just as thick 
as either of its sides is long, be put betwecB 
the cylinders, whicli will then act against eack 
side with a resistance equal to 40 ounces, while 
its own weight endeavours to bring it down and 
separate them. And here, the power of the 
wedge^s gravity impelling it downward, will be 
to the resistance of both the cylinders against 
the wedge, as the thickness of the wedge is to 
double its pe^'pendicular height ; for there will 
then be an equilibrium between the weight of 
the wedge and the resistance of the cylinders 
against it, and it will remain at any height be- 
tween them ; requiring just as much power to 
push it upward as to pull it downward. If 
another wedge of equal weight and depth with 
this, and only half as thick,* be put between 
the cylinders, it will require twice as much 
weight to be hung at the ends of the lines which 
draw them together, to keep the wedge from 
going down between them : that is, a wedge 
of 40 ounces, whose back is only equal to half 
its perpendicular height, will require 40 ounces 
to each cylinder, to keep it in an equilibrium 
between them; and twice 80 is 160, equal to 
4 times 40. So that the power will be always 
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to the resistance^ as the thickness of the back Plate vi. 
of the M'edge is to twice its perpendicular 
height^ when the cylinders move oft* in a line 
at right angles to that perpendicular. 

The best way, though perhaps not the neat- 
est, that I know of, for making a wedge with 
its appurtenances for such experiments, is as 
follows : Let KILJ\I and LMJSTO be two flat Fig, u. . 
pieces of wood, each about fifteen inches long, 
and three or four in breadth, joined together by 
a hinge at LM : and let P be a graduated arch 
of brass, on which the said pieces of wdod may . . 
be opened to any angle, n3t more than 60 de- 
grees, and then fixed at the given angle by 
means of the two screws a and b. Then IIC 
JVO will represent the back of the wedge, LM 
its sharp edge which enters the wood, and the 
outsides of the pieces ICILM and LJilJK'^d 
the two sides of the wedge against which the 
wood acts in cleaving. By means of the said 
arch, the wedge may be opened so as to adjust 
the thickness of its back in any proportion to 
the length of either of its sides, but not to ex- . 
ceed that length ; and any weight as p may be 
hung to the wedge upon the hook #1/, which 
weight, together with the weight of the wedge 
itself, may be considered as the impelling pow- 
er ; which is all the same in tlie experiment, 
whether it be laid upon the back of the wedge 
to push it down, or hung to its edge to pull it 
down. Let JlB and Cl) be two wooden cy- 
linders, each about two inches thick, where 
they touch the outsides of the wedge ; and let 
iheir ends be made like two round flat plates^ 
to keep the weights from slipping off edgewise 
from between them. Let a small cord, with a 
loop on one end of it, go over a pivot in the 
end of each cylinder, and the cords 8 and T 
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belonging to the cylinder •flB, go over the fixed 
pulleys WtmA JT, and be fastened at their other 
ends to the bar wx^ on which any weight as 
Z may be hung at pleasure. In like manner^ 
let the cords Q and R^ belonging to the cylin- 
der CJ), go over the fixed pulleys V and U to 
the bar vu^ on which a weight Y equal to Z 
may be hung. These weights^ by drawing the 
cylinders toward one another^ may be consider- 
ed as the resistance of the wood acting equally 
against opposite sides of the wedge ; the cylin- 
ders themselves being suspended near, and pal 
rallel to each other, by their pivots in loops on 
the lines Ej F, (?, H; which lines may be flx^ . 
ed to hooks in the coiling of the room. The 
longer these lines are, the better; and they 
should never be less than four feet each. The 
farther also the pulleys F", t/, and JT, fF, are 
from the cylinders, the truer will the experi* 
ments be ; and they may turn upon pins fixed 
into the wall. 

In this machine, the weights Y and jZ, and 
the weight p^ may be varied at pleasure, so as 
to be adjusted in proportion of double the 
wedge^g perpendicular height to the thickness 
of its back ; and when they are so adjusted^ 
the wedge will be in equilibrio with the resist* 
unce of the cylinders. 

The wedge is a very great mechanical power, 
since not only wood but even rocks can be split 
by it ; which would be impossible to effect by 
the lever, wheel and axle, or pulley 5 for the 
force of the blow, or stroke, shakes the cohere 
ing parts, and thereby makes them sep£|,rate 
more ep.sily, 

6, Of the Screw, 
. The sixth and last mechanical power is the 
screw^ Tvhich cannot properly be called a sim- 
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pie machine, because it is never used without Plate vl 
the application of a lever or winch to assist in 
turning it ; and then it becomes a compound 
engine of a very great force, either in pressing 
the parts of bodies closer together, or in rais- 
ing great weights. It may be conceived to be 
made by cutting a piece of paper ABC (Fig. riff- 12,13. 
IS.) into the form of an inclined plane or half- 
xvedge, and then wrapping it round a cylinder 
jOlB (Fig. 13). And here it is evident, that the 
winch JB must turn the cylinder once round be- 
fore the weight of resistance D can be moved 
from one spiral winding to another, as from d 
to c ; therefore, as much as the circumference 
ef a circle described by the handle of the winch, 
is greater than the interval or distance between 
the spirals, so much is the force of the screw. 
Thus, supposing the distance between the spi- 
rals to be lialf an inch, and the length of the 
winch to be IS inches, the circle described by 
the handle of the winch where the power acts 
will be 76 inches nearly, or about 15S half-in* 
ehes, and consequently IdS times as great asf 
the distance between the spirals ; and therefore 
a power at the handle, whose intensity is equal 
to no more tlian a single pound, will balance 
15S pounds acting against the screw ; and as 
much additional force, as is sufficient to over- 
come the friction, will raise the ±52 pounds ; 
und the velocity of the power will be to the ve- 
locity of the weight, as IdS to 1. Hence it ap- 
pears, that the longer the winch is, and the 
Iiearer the spirals are to one another, so much 
the greater is the force of the screw.* 

* A new and very ing^enious method of apply Inpf the screw, 

po as to make it act witli the greutest accuracy, has been invent- 

-id by Mr. Hunter, surgeon. The apparatus consists of two 
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Plate vi. A machine for showing the force or power of 
the screw may be contrived in the following 

Fig. 14. manner ; — Let the wheel C have a screw ab on 
its axle, working in the teeth of the wheel D^ 
which suppose to be 48 in number. It is plain, 
that for every time the wheel C and screw ab 
are turned round by the winch Ay the wheel 1} 
will be moved one tooth by the screw ; and 
therefore, in 4S revolutions of the winch^ the 
wheel D will be turned once round. Then, if 
the circumference of a circle described by thft 
handle of the winch A be equal to the circum- 
ference of the groove e round the wheel Dy the 
velocity of the handle will be 48 times as great 
as the velocity of any given point in the groove. 
Consequently if a line 6? (above number 48), 
goes round the groove e^ and has a weight of 
48 pounds hung to it below the pedestal EF^ a 
power equal to one pound at the handle will 
balance and support the weight. — To prove 
this by experiment, let the circumferences of 
the grooves of the wheels C and D be equal to 
one another ; and then if a weight H of one 
pound be suspended by a line going round the 
groove of the wheel C, it will balance a weight 
of 48 pounds hanging by the line 6? ; and & 

screws, one of which moves in the other, and has a thread fewer 
in an inch than the male screw of the one in which it moves. If 
we suppose the one screw A to have 20 threads in an inch, and 
the other B to have 21 ; and if the screw £ he so fixed that it 
can move forwards without moving^ round ; then one turn of A 
wiU make the screw B advance l-21th X l-20th or l-420th of 
an inch. Thus the compound screw produces an effect much 
superior to the common one; for the latter must have 420 
threads in an inch before it could produce an effect equal to tho 
former, which would weakeix it to such' a degree that it would 
be unable to resist any considerable force. As it is impossible 
in the short compass of a note to convey an accurate account of 
this excellent improvement* we must refer the reader to the 
71st vol. of the Philosophical Transactions^ where it is described 
by the inventor. — E. Ed. 
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small addition to tlie weight JET will cause it to 
descend^ and so raise up the other weight. 
If the line 6?, instead of going round the 

froove e of the wheel J)^ goes round its axle 
, the power of the machine will be increased, 
in proportion to the circumference of the groove 
e above the circumference of the axle. Now, 
supposing this to be six times^ then one pound 
at -ff will balance six time 48, or 288 pounds 
hung to the line on the axle : and hence the 
power or advantage of this machine will be as 
288 to 1 ; that is to say, a man, who, by his 
natural strength, could lift a hundred weight, 
will be able to raise 288 hundred, or 14^^<y ton 
weight by this engine. • 

But the following engine is still more power- Plate 
ful, on account of its having the addition of^"" 
four pulleys ; and in it we may look ujjon all 
the mechanical powers as combined together, 
even if we take in the balance. For, as the Fig. i. 
axle jD of the bar JiB enters its middle at C, 
it is plain that if equal weights be suspended 
upon any two pins equi-distant from tlie axis 
C, they will countei-poise each other. It be- ^ <*o«nbi- 
comes a lever by hanging a small weight P "i\ ^he m 
upon the pin w, and a weight as much heavier chui.icai 
upon either of the pins 6, c, rf, e, or/, as is iui^®^'^"- 
proportion to the pins being so much nearer 
the axis. The wheel and axle HG is evident; 
BO is the screw 1?, which takes in the inclined 
plane, and with it the half-wedge. Part of a 
cord goes round the axle, the rest under the 
lower pulleys if, m, over the upper pulleys 
£, Tiy and then it is tied to a hook at m in the 
lower or moveable block, on which the weight 
W hangs. 
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In this machine, if the wheel H have thirty 
teeth, it m ill be turned once round in thirty re- 
volutions of the bar dB. which is fixed on the 
axis D of the screw E : if the length of the 
bar be equal to twice the diameter of the wheel^ 
the pins a and n at the ends of the bar will 
move sixty times as fast as the teeth of the 
wheel do , and consequently, one ounce at P 
will balance sixty ounces hung upon a tooth at 
q in the horizontal diameter of the wheel.— • 
Then, if the diameter of the wheel H be ten 
times as great as the diameter of the axle G^ 
the wheel will have ten times the velocity of 
the axle ; and therefore one ounce P at the end 
of the lever .iC, will balance 10 times 60, or 
600 ounces hung to the rope H which goes 
round the axle. Lastly, if four pulleys be ad- 
ded, they will make the velocity of the lower 
block Ky and weight W^ four times less than 
the velocity of the axle : and this being the 
last power in the machine, which is four times 
as great as that gained by the axle, it teakes 
the whole power of the machine 4 times 600, 
or 3400. So that a man who could lift one 
hundred weight in his arms by his natural 
strength, would be able to raise 3400 times as 
much by this engine. But it is here as in all 
other mechanical cases ; that the time lost is 
always as much as the power gained, because 
the velocity M'ith which tlie power moves will 
ever exceed the velocity with which the weight 
rises, in proportion as the intensity of the 
weight exceeds the intensity of tlie power. 

The friction of the screw itself is very con- 
siderable ; and tiicre are few compound engines 
but what, upon account of the friction of the 
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parts against one another^ will require a third 
part more of power to work them when loaded, 
than what is sufficient to constitute a balance 
between the weight and the power.* 

* The following table of the relative strength of metals^ &c. iB 
subjoined for the use of the practical mechanician. 

Box, yew, plumbtree, oak, ' 11 

Elm, ash, 8.5 

Walnut, thorn, 7.5 

• Red fir, holley, elder, plane, crabtree, appletree, 7 
Beech, cherrytree, hazle, 6.7 
Alder, asp, birch, white fir, willow or saugh^ 6 
Iron, 107 
Brass, 50 
Bone, 22 
Lead, 6.5 
Pine free-stone, 1 

Por further information on this subject, s^e Emerson's Me- 
chanics, Lect. 8; and Cavallo's Nat Phil. yol. 2, p. 145-6.— 
E. Ep. 




VOL- 1. a 



so 



Plate 
VII. 



mill. 
Fig. 2. 



LECTURE IV. 

Ojf Mills, Cranes, Wheel-carinages, and the 
Engine for dnving Piles. 

AS these engines are so universally use- 
ful, it would be needless to make any apology 
for describing them. 

Of various Kinds of Mills. 

Acommon In a commou breast-mill,^ where the fall of 
water may bi about ten feet^ .3J1 is the great 
•vheel, which'*is generally about 17 or 18 feet 
in diameter, reckoned from the outermost edge 
of any float-board at a to that of its opjposite 
float at b. To this wheel the water is convey- 
ed through a channel, and, by falling upon the 
wheel, turns it round. 

• Water-mills are divided into breatft-mlls, undershot-milh^ 
and overahot-rmlh. In breast-mills, the water fails at right 
angles upon the float-boards or bucli:ets, placed upon the cir- 
cumference of the wheel. When float-bosrds are used, the wa- 
ter acts by its impulse ; but, when buckets are employed, both 
the weight and impulse of the water are concerned in turning 
the wheel. In undershot-mills, float-boards only are employed ; 
and the motion of the wheel affected merely by the force of the 
stream, which strikes the boards below the wheel's centre. In 
ovcrshot-mills, buckets only are used, and the wheel is turned 
chiefly by the weight of the water which is poured over its 
top into the buckets. An undershot-mill requires the greatest 
quantity of water ; and an overshot-mill the least. It has long 
been disputed among mechanical philosophers, whether overshot 
or undershot-mills produce the greatest effect. M. Belidor 
CArcldtecture HydrauliqueJ maintained, that undershot-miUs 
were greatly superior to the other kind; while Dr. Dcsag^liers 
held a contrary opinion. It appears, however, from the accu- 
rate experiments of Mr. Smeaton, that in undershot-mills the 
l»ower is to tlie effect as 3 to 1, and in overshot-milla as 3 to 1^ 
oc rather as 5 to 4.— £. Ed. 
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On the axis BB of this wheel, and within pLATEVti, 
the mill-house, is a wheel D^ about 8 or 9 feet 
diameter, having 61 cogs,* which turn a trun- 
dle Ef containing 10 upright staves or rounds ;f 
and when these are the number of cogs and 
rounds, the trundle will make 6 ^-^ revolutions 
for one revolution of the wheel. 

The trundle is fixed upon a strong iron axis 
called the spindle, the lower end of which turns 
in a brass foot, fixed at jF, J in the horizontal 
beam iST, called the bridge-tree ; and the up- 
per part of the spindle turns in a wooden bush 
fixed into the nether millstone, which lies upon 
beams in the floor FF. The top part of the 
spindle above the bush is square, and goes 
into a square hole in a strong iron cross abcd^ 
(see Fig. 3. ) called the rynd ; under which, and 
close to the bush, is a round piece of thick leath- 
er upon the spindle, which it turns round at the 
same time as it does the rynd. 

The rynd is let into grooves in the under 
^surface of the running millstone 6?, (Fig. S.) 
and so turns it round in the same time that the 
trundle E is turned round by the cog-wheel 

* The wooden teeth of a large wheel are denominated co^t, 
— ^E. Ed. 

t When a large wheel gives motion to a smaller one> the name 
of the smaU wheel varies with its shape. When the small wheel 
is solid and oblong, and its teeth longer than their distance from 
the axis, it is called a pinion, and its teeth are named leaves.'-' 
Vfhen the small wheel is shaped like E, Fig. 2, Plate VII, or 
like JBf, vol. 2, Plate XXXVII, it is called a trundle, sometimes a 
lantern, and sometimes a drum ; and the cylindrical bars of trun- 
dles similar to E are called staves or rounds. In a combination 
of wheels, that which is acted upon by the power, or by some 
other wheel, is called a leader s and the other wheel on the same 
axis is called a foUover. * When there is only one wheel "on the 
axis, and when this wheel drives another, it acts both as a leader 
and a filUnoer. — E. Ed. 

+ The extremities of an axle or spindle, such as F and C, Fig. 
2, Plate VU, are called jTwfe-tfon^ when the wheels are large, and 
pivots in tmaU pieces of machinery. — ^E. Ed, 
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JD.^ This millstone has a large hole quite 
through its middle, called the eye of the stone, 
tlirough which the middle part of the rynd and 
upper end of the spindle may be seen, while 
the four ends of the rynd lie hid below the 
stone in their grooves. 

The end T of the liridge-tree TS, (which 
supports the upper millstone G upon the spin- 
dle) is fixed into a hole in the wall ; and the 
end S is let into a beam QJR called the brayer, 
whose end R remains fixed in a mortise ; and 
its other end Q hangs by a strong iron rod P, 
which goes through the floor FY^ and has a 
screw-nut on its top at 0; by the turning of 
which nut, the end Q of the brayer is raised 
or depressed at pleasure ; and, consequently, 
the bridge-tree TS and upper millstone. By 
tliis means, the upper millstone may be set asr 
close to the under one, or raised as high from 
it, as the miller pleases. The nearer the mill- 
stones are to one another, the finer they grind 
the corn, and the more remote from one another, 
the coarser. 

The upper millstone G is inclosed in a round 
box H^ which does not touch it any Avhere; 
and is about an inch distant from its edge all 
around. On the top of this box stands a frame 
for holding the hopj)er frfc, to Avhich is hung 
the shoe / by two lines fastened to the hind- 
part of it, fixed upon hooks in the hopper, and 
by one end of the crook- string IC fastened to 
the fore-part of it at i; tlie other end being 
twisted round the pin L. As the pin is turned 
one way, the string draws up the shoe closer 

* A considerable quantity of friction mip^ht be removed bj' 
niaking the staves or rounds of the trundle iJ, move on spindle& 
qf iron or brai>Sj fixed in the end-boards. — E. Ep. 
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to the hopper, and so lessens the aperture be- Plate Tir. 
tween them ; and as the pin is turned the other 
way, it lets down the shoe, and enlarges the 
ajjerture. 

If the shoe be drawn up quite to the hopper, 
no corn can fall from the hopper into the mill ; 
if it be let a little down, some will fall ; and 
the quantity will be more or less, according as 
the shoe is more or less let down. For the 
hopper is open at bottom, and there is a hole 
in the bottom of the shoe, not directly under 
the bottom of the hopper, but forwarder toward 
the end i, over the middle of the eye of the 
millstone. 

There is a square hole in the top of the spin- Fiff- 3- 
die, in which is put the feeder e : this feeder 
(as the spindle turns round) jogs the shoe three 
times in each revolution, and so causes the 
corn to run constantly down from the hopper 
through the shoe, into the eye of the millstone, 
where it falls upon the top of the rynd, and is, 
by the motion of the rynd, and the leather un- 
der it, thrown below the uppei' stone, and 
ground between it and the lower one. The 
violent motion of the stone creates a centrifu- 
gal force in the corn going round with it, by 
which means it gets farther and farther from 
the centre, as in a spiral, in every revolution, 
until it be thrown quite off; and being then 
ground, it falls through a spout JUT, called the 
mill-eye, into the trough J\r. 

When the mill is fed too fast, the corn bears 
up the stone, and is ground too coarse ; and 
besides, it clogs the mill so as to make it go 
too slow. When the mill is too slowly fed, it 
goes too fast, and the stones by their attrition 
against one another, are apt to strike fire. Both 
which inconveniences are avoided by turning 
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the pin L backward or forward, which draw* 
up or lets down the shoe ; and so regulates the 
feeding as the miller sees convenient. 

The heavier the ninning millstone is, and the 
greater the quantity of water that falls upon the 
wheel, so much the faster will the mill bear to 
be fed ; and, consequently, so much the more 
it will grind : and, on the contrary, the lighter 
the stone, and the less the. quantity of water^ 
so much slower must the feeding be- But 
when the stone is considerably worn, and be- 
come light, the mill must be fed slowly at any 
rate ; otherwise the stone will be too much 
I)orne up by the corn under it, which will make 
the meal coarse. 

The quantity of power required to turn a 
heavy millstone is but very little more than 
what is sufficient to turn a light one : for as it 
i^ supported upon the spindle by the bridge- 
tree STy and the end of the spindle that tumisr 
in the brass foot therein being but small, the 
odds arising from the weight is but very incon- 
siderable in its action against the power or force 
of the water : and, besides, a heavy stone has 
the same advantage as a heavy fly; namely^, 
that it regulates the motion much better than a 
light one« 

In order to cut and grind the corn, both the 
upper and under millstones have channels or 
furrows cut into them, proceeding obliquely 
from the centre toward the circumference : and 
these furi'ows are cut perpendicularly on one 
side, and obliquely on the other into the stone^ 
which gives each furrow a sharp edge, and in 
the two stones they come, as it were, against 
one another like the edges of a pair of scissars ; 
and so cut the corn, to make it grind the easiest 
^vhen it falls upon the places between the fqr- 
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rows. These are cut the same way in both 
stones when they lie upon their backs^ which 
makes them run crosswise to each other when 
the upper stone is inverted by turning its fur- 
rowed surface toward that of the lower. For^, 
if the furrows of both stones lie the same way, 
a great deal of the corn would be driven on- 
ward in the lower furrows^ and so come out 
from between the stones without being either 
cut or bruised. 

When the furrows become blunt and shallow 
by wearing, the running stone must be taken 
up, and both stones new dressed with a chisel 
and hammer ; and every time the stone is taken 
up, there must be some tallow put round the. 
spindle upon the bush, which will soon be 
melted by the heat the spindle acquires from its 
turning and rubbing against the l)ush, and so 
will get in between them, otherwise the bush 
would take fire in a very little time. 

The bush must embrace the spindle quite 
close, to prevent any shake in the motion, wluch 
would make some parts of the stones grate and 
fire against each other, while other parts of them 
would be too far asunder, and by that meau«i, 
spoil the meal in grinding. 

Whenever the spindle wears the bush so as 
to begin to shake in it, the stone must be taken 
up, and a chisel driven into several parts of the 
bush ; and when it is taken out, wooden wedges 
must be driven into the holes : by which means 
the bush will be made to embrace the spindle 
close all around it again. In doing this, great 
care must be taken to drive equal wedges into 
the bush on opposite sides of the spindle, other- 
wise it will be thrown out of the perpendicular^ 
and so hinder the upper stone from being set 
parallel to the under one, which is absolutely 
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necessary for making good work. When any 
accident of this kind happens, the perpendicu- 
lar position of the spindle must be restored by 
adjusliiig the bridge-tree ST by proper wedges 
put between it and the brayer Qif. 

It often hap])ens that tiie rynd is a little 
wrenched in laying down the upper stone upon 
it, or is made to sink a little lower upon one 
side of the spindle tlian on the other; and this 
will cause one edge of the upper stone to drag 
all round upon the other, while the opposite 
edge will not touch. Hut this is easily set to 
rights, by raising the stone a little with a lever, 
and putting bits of paper, cards, or thin chips 
between the rynd and tlic stone. 

The diameter of the upper stone is generally 
about six feet, the lower stone about an inch 
more ; and the upper stone, when new, con- 
tains about 2Zi cubic feet, which weighs some- 
what more than 1,900 i)ounds. A stone of 
this diameter ought never to go more than 60 
times round in a minute ; for, if it turn faster, 
it will heat the meal. 

The grinding surface of the under stone is a 
litlle convex from the edge to the centre, and 
that of the upper stone a little more concave : 
so that they are farthest from one anotiier in the 
middle, and come gradually nearer toward the 
edges. By this means, the corn at its first en- 
trance between the stones is only bruised ; but 
as it goes farther on toward the circumference 
or edge, it is cut smaller and smaller ; and at 
last finely ground just before it comes out from 
between them.*- 



* The upper miUstone, when six feet in tliametcr, is general- 
ly hollowed about one inch at he centre; and the under one ri- 
fiC5 about three-fourth? of an inch. The com that falls from the 
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The water-wheel must not be too large ; for, 
if it be, its motion will be too slow ; nor too 
little, for then it will want power. And fot a 
mill to be in perfection, the floats of the wheel 
ought to move with a^hisd part of the velocity 
of the water,* and the stone to turn round onc& 
in a second of time.f 

In order to construct a mill in this perfect 
manner, observe the following rules : 

1. Measure the perpendicular height of the 
fall of water, in feet, above that part of the 
wheel on which the water begins to act ; and 
call that the height of the fall. 

8. Multiply this constant number 64,2883 
by the height of the fall in feet, and the square- 
root of the product will be the velocity of the 

hopper insinuates itself between them as far as two-thirds of the 
radius where the grinding begins; the distance between the 
Btones being" there about two-thirds or thi-ec-fourths of the thick- 
ness of a grain of corn. This distance, however> can be altered . 
ftt pleasure by raising or sinking the upper stone. — E. Ed. 

♦ Mr. William Wariiig, late of Philadelphia, has demonstra- 
ted, in a paper published in the Sd vol. of the Transactions of 
tUe American Philosophical Society, that the above principle, 
which had been uniformly held by nil the European writers on 
mechanics, is erronetnis ; and that a mill will act with its great' 
est force when the velocity of the wheel (if an undershot) is one- 
half tlmt of ihe impinging water. — And this theory is found per- 
fectly to agree with practice. The following calculations, there- 
foi'e, are erroneous; but may be easily corrected, by substitutinjy 
2 instead of 3 in the third rule, and proceeding with the result 
^ the true velocity of the wheel. — A. Ed. 

f According to Mr. Imison, the millstone should turn twice 
round in a second of time, and should only be fottrfeet and a 
half in diameter. The reader may imagine, from what our au- 
thor has said in the preceding page, that the meal will be much 
heated by such a rapid motion as Mr. Imison recommends; but 
the effect is counteracted by diminishing the size of the mill- 
stone from six feet to four and a half. The velocity of the cir- 
cumference of the small millstone moving t-wice round in a se- 
condi 18 only otie-third greater than the velocity of the larjge mill- 
stone moTiBg once round in a second ; and as the grinding sur^ 
face is much less in the former than in the latter, the meal will 
be as much heated in a mill of Mr, Fcpguson's construction as 
in one of Mr. Imison's.— -E. Ed. 

VOL. I. « 
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water at the bottom of the fall^ or the number 
of feet that the water there moves per secondi. / 
-•8. Divide the velocity of the water by^ and i ^^ 
the quotient will be the velocity of the float-* 
boards of the wheel, or the number of feet they 
must each go through in a second, when the 
water acts upon them, so as to have the great- 
est power to turn the mill.* 

4. Divide the circumference of the whee\ ia 
feet, by the velocity of its floats in feet jper se- 
cond, and the quotient will be the number of 
seconds in which the wheel turns round. 

d. By this last number of seconds divide 60 ; 
and the quotient will be the number of tunusi 
of the wheel in a minute. \\i 

6. Divide 60 (the number of revolutions tM 
millstone ought to have in a minute) by the- 
number of turns of the wheel in a minute, and 
the quotient will be the number of turns t^e 
millstone ought to have for one turn of tho 
wheel. 

7. Then, as the number of turns of the wheel 
in a minute is to the number of turns of the 
millstone in a minute, so must the number of 
staves in the trundle be to the number of cogg 
in the wheel, in the nearest whole numbers that 
can be found. 

By these rules I have calculated the follow- 
ing table to the water-wheel 18 feet diameter, 

* Our author and Mr. Imison, along* with Desag^liers and Mir 
• ciaurin, have Adopted the determination of Parent, re$pectiii|^ 
tlie proportion between the velocity of the water and that of the 
wheel. It appears, however, from Mr. Smeaton's experinients, 
that this proportion varies between one-third and one-half , but 
ftearer to one-half than one-third. On this account Mr. Smeaton 
advises, that tlie velocity of the wheel should be to that of the 
water as 2 to 5. — ^E. Ed! 

See note *, foregoing pagc^ — A. Edc 
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which I apprehend may be a good size in ge- 
neral.* • . 

T6 construct a mill by this table^ find the 
height of the fall of water in the first column, 
and against that height, in the sixth column, 
you have the number of cogs in the wheel, and 
staves in the trundle, for causing the millstone 
to make about 60 revolutions in a minute, as 
near as possible, when the wheel goes with a 
third part of the velocity of the water : and it 
appears by the seventh column, that the num- 
bers of cogs in the wheel, and staves in the 
trundle, are so near the truth for the required 
purpose, that the least number of revolutions 
of the millstone in a minute is between 59 and 
60, and the greatest number never amounts 
to 61. 

• JSoecklerus, a German writer on mechanics, makes the dia- 
meter of the great wheel 48 feet, and the number of float-boards 
86, when the force of the water is great ; the diameter of the 
second wheel 18 feet, with 180 teeth, and the number of staves 
in the third wheel 60. Casatus (Mechan. lib. 5, p. 560) observes, 
&at the diameter of the water-wheels in mills on the Po" was 
eonunonly 10 cubits, the diameter of the second wheel 5 1-2 cu> 
bits, with 108 teeth ; the number of spindles in the trundle 9 ; 
the thickness of the millstone 6 or 7 inches, and its diameteir 
S 1-2 cubits. Florinua makes the diameter of the great wheel 
18 feet, when the fall of water is 4 or 5 feet ; the number of 
floatboards $0 or 36 ; the breadth of one of the floatboards l2 
or 14 digits, and its height one foot ; the teeth of tlie second 
idieel 72 i and the number of staves in the trundle 6, 8, or 9. — 
Wolfiua (Opera. Mathemat. tom. 1, p. 690) observes, that the 
diameter of the large wheels, in most of the double overshot- 
mills near Hall did not exceed 16 feet. In South Wales there 
is an overshot water-wheel above fifty feet in diameter. Ac- 
cording to Dr. Desaguliers, the diameter of the millstones 
should be from 5 to 7 feet, and their thickfiess 12, 15> or 18 In- 
chos— E. Ep. 
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Of Water-mills. 01 

Such a mill as this, with a fall of water ahouf 
7| feet, will require about 3S hogsheads every 
minute to turn the wheel with a third part of 
the velocity with which the water falls ; and to 
overcome the resistance arising from the fric- 
tion of the gears, and attrition of the stones in 
grinding the corn. 

The greater fall the water has, the less quan- 
tity of it will serve to turn the mill. The wa- 
ter is kept up in the mill-dam, and let out by 
a sluice called the penstock, when the mill is 
to go. When the penstock is drawn up by 
means of a lever, it opens a passage through 
which the water flows to the wheel ; and when 
the mill is to be stopped, the penstock is to be 
let down, which stops the water from falling 
upon the wheel. 

A less quantity of water will turn an over- 
shot mill (where the wheel has buckets instead 
of floatboards) than a breast-mill, where the 
fall of the water seldom exceeds half the height 
M of the wheel : so that, where there is but a 
small quantity of water, and a fall great enough 
for the wheel to lie under it, the bucket or 
overshot-wheel is always used. But where 
there is a large body of water, with a little fall, 
the breast or floatboard- wheel must take place. 
Where the water puns only upon a little decli- 
vity, it can act but slowly upon the under part 
of the wheel at h ; in which case, the motion 
of the wheel will be very slow, and therefore, 
the floats ought to be very long, though not 
high, that a large body of water may act upon 
them; so that what is wanting in vejocity 
may be made up in power ; and then the cog- 
wheel may have a greater number of cogs in 
proportion to the rounds in the trundlci. in, 
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order to give the millstone a sufficient degree 
of velocity. 

They v^ho have read what is said in the first 
lecture, concerning the acceleration of bodies 
falling freely by the power of gravity acting 
constantly and uniformly upon them, may per^ 
haps ask, Why should the motion of the wheel 
be equable, and nofr accelerated, seeing the wa- 
ter acts constantly and uniformly upon it ? The 
plain answer is, That the velocity of the wheel 
can never be so great as the velocity of the wa- 
ter that turns it ; for if it should become so 
great, the power of the water would be quite 
lost upon the wheel, and then there would be 
no proper force to overcome the friction of the 
gears and attrition of the stones. Thereforey 
the velocity with which the wheel begins to 
move, will increase no longer than till its mo- 
mentum or force is balanced by the resistance 
of the working parts of the mill : and then the 
wheel will go on with an equable motion.* 
A hand- [If the cog-wheel D be made about 18 inches 
"^iAi- diameter, with 30 cogs, the trundle as small in- 
proportion, with 10 staves, and the millstones 
be each about two feet in diameter, and the 
whole work be put into a strong frame of wood^ 
as represented in the figure, the engine will be 

* Our author's explanation of this remarkable fact, viz. that 
the best constructeri machines acquire in a short time a uni- 
form motion, is far from being satisfactory. The question, in- 
deed, is extremely difficult j and from our imperfect knowledee 
of the nature of friction, it does not admit of a scientific expui- 
nation. When a pendulum-clock is stripped of its pallets, and 
allowed to run down, it acquires a uniform motion in a very short 
time, though there is little friction, and though the moving^ 
power acts with the greatest uniformity. Dr. Rob i son observes, 
that the ''uniform motion of machines arises from'a diminution 
of the impelling power by an increase of velocity ; but that there 
is something yet unexplained in the nature of friction^ which 
tukes away some of the accckr^tion." — £. £d. 
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a hand-mill for grinding corn or malt in private 
families : and tlien^ it may be turned by a 
M^inch instead of the wheel nSLJi ; the millstone 
making three revolutions for every one of the 
winch. If a heavy fly be put upon the axle jB, 
near the winch, it will help to regulate th© 
motion.]* 

If tlie cogs of the wheel and rounds of the 
trundle could be put in as exactly as the teeth 
are cut in the wheels and pinions of a clock, 
then the trundle might divide the wheel exact- 
ly ; that is to say, the tioindle might make a 
given number of revolutions for one of the 
wheel, without a fraction. But as any exact 
number is not necessary in mill- work, and the 
eogs and rounds cannot be set in so ti*uly as to 
make all the intervals between them equal, a 
skilful millwright will always give the wheel * 
what he calls a hunting-cogs that is, one more 
than what will answer to an exact division of 
the wheel by the trundle. And then, as every 
^og comes to the trundle, it will take the next 
staff or round behind the one which it took iu 
the former revolution ; and by that means will 
wear all the parts of the cogs and rounds which 
work upon one another equally, and to equal 
distances from one another in a little time ; and 
so make a true uniform motion throughout the 

^ If the fly be put upon the axle JB, its velocity wiU not l.»c 
sufficient to make it of any use as a regulator. In an in^nlou^ 
hand-mill, invented by Mr. Lloyd, this defect is remedied !\v 
fixing a hollow circular fly upon the upper millstone, with iron 
fltrapB. Its diameter is two feet, the breadih of its rim tbrcr: 
inches and a hijf, and its depth five inches. It is divided into 
six cavities, into which ». quaiitiiy of lead shot is put to bring it 
to a proper weight. Por this invention Mr. Lloyd was rewarded 
with fifty ppund^. A drawing and description of it-may be seen 
in Bailey*s Designs of Machines, approved and adopted by tj-e 
8ocie^ of Arts, voL X, p. 176 ; and toI .?. p. 44.— E. En. • 
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PuLTx VII. whole work. Thus, in the above water-niill^ 
the trun(Ile has 10 staves, and the wheel 61 



cogs. 



1^*1^. 4. Sometimes, where there is a sufficient quan-* 
tity of water, the cog-wheel AA ^turns a large 
trundle BBy on wliose axis C is fixed the hori- 
zontal wheel D, with cogs all round its edge, 
turning two trundles H and F at the same time ; 
whose axes or spindles 6? and H turn two milln 
stones /and jKT, upon the fixed stones L and JW. 
And when there is not work for them both, 
either may be made to lie quiet, by taking out 
one of the staves of its trundle, and turning the 
vacant place toward the cog-wheel D: and 
there may be a wheel fixed on the upper end of 
the great upright axle C, for turning a couple 
of boulting-mills, and other work ; for drawing 
* up the sacks, fanning and cleaning the com, 
sharpening of tools, &c. 

A horse- If, instead of the cog-wheel •SA^ and trundle 
jBJ?, horizontal levers be fixed into the axle C> 
below the wheel JD, then horses maybe put to 
these levers for turning the mill| which is 
often done where water cannot be had for that 
purpose. 

A wind- The working parts of a wind-mill differ very 
little from those of a water-mill ; only the for- 
mer is turned by the action of the wind upon 
four sails, every one of which ought (as is ge- 
nerally believed) to make an angle of 54| de^ 
grees, with a plane perpendicular to the axis on- 
which the arms are fixed for carrying of them^ 
It being demonstrable, that when the sails aM 
set to such an angle, and, the axis turned end- 
wise toward the wind, the wind has the greatest 
power upon the sails. But this angle answers 
oaly to the ease of a vane or sail just begimung 
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to move :* for, when the vane has a certain 
degree of motion, it yields to tlie wind ; and 
then that angle must be increased to give the 
^ind its full effect. 

Again, the increase of this angle should be 
different, according to the different velocities 
from the axis to the extremity of the vane. At 
the axis it should be 54^ degrees, and thence 
continually decrease, giving the vane a twist, 
and so causing all the ril)s of the vane to lie in 
different planes. 

Lastly, these ribs ought to decrease in length 
from the axis to the extremity, giving the vane 
a curvilineal form ; so that no part of the force 
of any one rib be spent upon the rest, but all 
move on independent of each other. All this 
is required to give the sails of a wind-mill their 
true form ; and we see both the twist and the 
diminution of the ribs exemplified in the wings 
of birds. 

It is almost incredible to think with what 
velocity the tips of the sails move when acted 
upon by a moderate gale of wind. I have se- 
veral times counted the number of revolutions 
made by the sails in ten or fifteen minutes ; and 
from the length of the arms from tip to tip, 
have computed, that if a hoop of that diameter 
was to run upon the ground with the same ve- 
locity it would have if put upon tlie sail- 
arms, it would go upwards of 30 miles in an 
hour. 

As the ends of the sails nearest the axis can- 
not move with the same velocity that the tips 
or farthest ends do, although the wind acts 
equally strong upon them, perhaps a better po- 
sition than that of stretching them along tlie 

* ^See Mbclaurin's Fluxions, near the end. 
VOL. I. T 
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Plate avms (lirectly upon tlie centre of motion, might 
^"'* be to liave them set perpendicularly across the 
farther ends of the arms^ and there adjusted 
lengtlnvisc to the proper angle. For, in that 
case, both ends of the sails would move with 
the same velocity ; and being farther from the 
centre of motion, they would have so much the 
more power : and then there would be no oc- 
casion for having them so large as they are 
j^enerally made ; which would render them 
lighter, and consequently there would be so 
much the less friction on the thick neck of the 
axle where it turns in the wall.^ 

Of the Crane. 
A crane is an engine by whicli great weights , 
are raised to certain lieights, or let down to cer- 
tain depths. It consists of wheels, axles, pul- 
Kig. 1. leys, ropes, and a gib or gibbet. When the 
rope H is hooked to the weight jR*, a man turns 
the winch .4, on the axis w hereof is the trundle 
By which turns the wheel C, on whose axis D 
is the trundle -B, which turns tlie wheel F with 
its upright axis 6r, on which the great rope MH 
winds as the wheel turns ; and going over a 
pulley / at the end of the arm d of the gib 
ccde^ it draws up the heavy weight K*; which^ 
being raised to a proper height, as from a ship 
to the quay, is then brouglit over the quay by 
pulling the wheel Z round by the handles x^ z, 
which turns the gib by means of the half- wheel 
h fixed on the gib-post cc, and the strong pinion 
a fixed on the axis of the wheel Z. This wheel 
gives the man that turns it an absolute com- 
mand over the gib, so as to prevent it from tak* 
ing an unlucky swing, such as often happens 

* See Appendix, vol. 2, for a description of an improved wind- 
mill, and an account of SmeatoD and Coulomb's improvements.*-^ 
E.£d. 
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when it is only guided by a rope tied to its arm 
df and people are frequently hurt, sometimes 
killed, by such accidents. 

The great rope goes between two upriglit 
rollers i and k, which turn upon gudgeons in 
the fixed beams/ and g; and as the gib is turn- 
ed toward either side, the rope bends upon the 
roller next that side- Were it not for these 
rollers, the gib would be quite unmanageable ; 
foF the moment it were turned ever so little 
toward any side, the weight IC would begin to 
descend, because the rope would be shortened 
between the pulley / and axis 6? / and so the 
gib would be pulled violently to that side, and ' 
either be broken to pieces, or break every thing 
that came in its way. These rollers must be 
so placed, that the sides of them, round which 
the rope bends, may keep the middle of the 
bended part directly even with the centre of the 
hole in which the upper gudgeon of the gib 
turns in the beam /. The truer these rollers 
are placed, the easier the gib is managed, and 
the less apt to swing either way by the force of 
the weight jK*. 

A ratchet-wheel Q is fixed upon the axis 2), 
near the trundle E ; and into this wheel the 
catch or click R falls. This hinders the ma- 
chinery from running back by the weight of 
the burden IC, if the man who raises it should 
happen to be careless, and so leave off work- 
ing at the winch A sooner than he ouglit to do. 

When the weight K is raised to its proper 
height from the ship, and brought over the 
quay by turning the gib about, it is let down 
gently upon the quay, or into a cart standing 

thereon, in the following manner: A man 

takes hold of the rope tt (which goes over the 
pi^Uey v^ and is tied to a hook at jS in the catch 
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It J J and so disengages the catch from the ratch- 
. et- wheel Q ; and then the man at the winch A 
turns it backward, and lets down the weight 
II. But when the weight pulls too hard against 
this man, another layi^ hold of the stick F, and 
by pulling it downward, draws the gripe U 
close to the wheel F, which, by rubbing hard 
against the gripe, hinders the too quick descent 
of the weight: and not only so, but even stops 
it at any time, if required. By this means^ 
heavy goods may be either raised or let down 
at pleasure, without any danger of hurting the 
men who work the engine. 

When part of the goods is craned up, and 
the rope is to be let down for more, the catch 
M is flr&t disengaged from the ratchet-wheel Q, 
by pulling the cord t ; then the handle q^ is 
turned half round backward, which, by the 
crank nn in the piece o, pulls down the frame 
h between the guides m and iw, (in which it 
slides in a groove) and so disengages the trundle 
JB from the wheel C: and then the heavy hook 
b at the end of the rope U descends by its own 
weight, and turns back the great wheel F with 
its trundle JB, and the wheel C ; and this last 
wheel acts like a fly against the wheel F and 
hook by and so hinclers it from going down too 
quick ; while thp weight X keeps up the gripe 
17 from rubbing against the wheel F, by means 
of a Gord going from the weight, over the pulley 
w to the hook W in the gripe ; so that the gripe 
never touches the wheel, unless it be pulled 
down by the handle V. 

When the crane is to be set at work again^ 
for drawing up another burden, the handle q ig 
turned half round forward; which, by the crank 
wiy raises up the frame A, and causes the trun,. 
die B to lay hold of the wheel C ; apd then^ 
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by turning the winch tfl, the burden of goods K 
is drawn tip as before. 

The crank nn turns pretty stiff in the mor- 
tice near o^ and stops against the farther end 
of it when it has got just a little beyond the 
perpendicular ; so that it can never come back 
of itself : and therefore, the trundle B can ne- 
ver come away from the wheel C, until the 
handle q be turned half round backward. 

The great rope runs upon rollers in the lever 
Ui^Iy which keeps it from bending between 
the axle at G and the pulley /. This lever 
turns upon the axis JV, by means of the weight 
Of which is just suflBcient to keep its end L up 
to the rope ; so that, as the great axle turns, 
and the rope coils round it, the lever rises with 
the rope, and prevents the coilings from going 
over one another. 

The power of this crane may be estimated 
thus : — suppose the trandle B to have 13 staves 
or rounds, and the wheel C to have 78 spur- 
cogs ; the trundle E to have 14 staves, and the 
wheel F 56 cogs. Then, by multiplying the 
staves of the trundles, 13 and 14, into one 
another, their product will be 182 : and by 
multiplying the cogs of the wheels, 78 and 56, 
into one another, their product will be 4368, 
and dividing 4368 by 183, the quotient will be 
S4 ; which shows that the winch Jl makes 24 
turns for one turn of the wheel F and its axle 
6r, on which the great rope or chain HIH 
winds. So that, if tlie length or radius of the 
winch A were only equal to half the diameter 
of the great axle 6?, added to half the thickness 
of the rope H^ the power of the crane would 
be as 24 to 1 ; but the radius of the winch being 
double the above length, it doubles the said 
power, and so makes it as 48 to 1 ; in which 
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case^ a man may raise 4^ times as much weight 
by this engine as he could do by his natural 
strength without it^ making proper allowance 
for the friction of tlie working parts. Two men 
may work at once^ by having another winch on 
the opposite end of the axis of the trundle un- 
der J?; and this will make the power double. 

If this power be thought greater than what 
may be generally wanted, the wheels may be 
made with fewer cogs in proportion to the 
staves in the trundles ; and so the power may 
be of whatever degree is judged to be requisite! 
But if the weight be so great as will yet require 
more power to raise it, suppose a double quan- 
tity, then the rope ^may be put under a movea- 
ble pulley, as rf, and the end of it tied to a 
hook in the gib at m; which will give a double 
' power to the machine, and so raise a double 
weight hooked to the block of the moveable 
pulley. 

When only small burdens are to be raised, 
this may be quickly done by men pushing the 
axle G round by the long spokes ^, y^ jfy y; 
having first disengaged the trundle B from the 
wheel C: and then, this wheel will only act as 
a fly upon the wheel F; and the catch R will 
prevent its running back, if the men should 
inadvertently leave off pushing before the bur- 
den be unhooked from 6. 

Lastly, when very heavy burdens are to be 
raised, whicli might endanger the breaking of 
the cogs in the wiieel F; their force against 
these cogs may be much abated by men push- 
ing round the long spokes y, y, y, y, while the 
man at ti turns the winch. 

I have only shown the working parts of this 
crane, witliout the whole of the beams which 
support them ; knowing that these are easily 
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supposed^ and that if they had been drawn, platk 
they would have hid a great deal of the work- ^'^"• 
ing parts from sight, and also confused the 
figure. 

Another very good crane is made in the fol- Another 
lowing manner. — JlJL is a great wheel turned ^^*"®* 
by men walking within it at IT. On the part Fig. 2. 
C, of its axle BC^ the great rope I) is wound 
as the wheel turns ; and this rope draws up 
goods in the same way as the rope HH does in 
the above-mentioned crane, the gib-work here 
being supposed to be of the same sort. Bui^ 
these cranes are very dangerous to the men in. 
the wheel ; for, if any of the men should chance 
to fall, the burden will make the wheel run 
back, and throw them all about within it; 
which often breaks their limbs, and sometimes 
kills them. The late ingenious Mr. Padmore, 
of Bristol, (whose contrivance the fore-mention- 
ed crane is, so far as I can remember its con- 
struction, after seeing it once about 12 years 
ago*), observing this dangerous construction, 
contrived a method of remedying it, by putting 
cogs all around the outside of the wheel, and 
applying a trundle JE to turn it, which increas- 
es the power as much as the number of cogs in 
the wheel is greater than the number of staves 
in the trundle ; and by putting a ratchet-wheel 
F on the axis of the trundle (as in the above- 
mentioned crane) with a catch to fall into it, 
the great wheel is stopped from running back by 
the force of the weight, even if all the men in 
it should leave ofl' walking : and by one man 

* Since the first edition of this book was printed, I have seen 
tlie same ctane ag-ain ; and do find, that though the working parts 
ftre much, the same as above described, yet the method of raising 
Or lowering the trundle B, and the cfttch JR, are better contrived 
than I had described them. 
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working at tlie winch /, or two men at tlie op- 
posite winches when needful^ the men in the 
wheel are much assisted^ and much greater 
weights are raised, than could be done hy men 
only within the wheel. Mr. Padmore put also 
a gripe-wheel G upon the axis of the trundle, 
whicli being pinched in the same manner as 
described in the former crane, heavy burdens 
may be let doMn without the least danger. 
And before this contrivance, the lowering of 
goods Mas always attended with the utmost 
danger to the men in the wheel ; as every one 
must be sensible of, who has seen such engines 
at work. 

And it is surprising that the masters of 
wharves and cranes sliould be so regardless of 
the limbs, or even lives, of their workmen, that 
excepting the late Sir James Creed of Green- 
wich, and some gentlemen at Bristol, there is 
scarce an instance of any who has used this safe 
contrivance.* 

Of Wheel-carriages. 

The structure of wheel-carriages is generally 
so well known, that it would be needless to 
describe them ; and therefore, we shall only 
point out some inconvenicncies attending the 
common method of placing the wheels, and 
loading the waggons. 

In coaches, and all other four-wheeled car- 
riages, the fore- wheels are made of a less size 

• An improTccl crane for wharves has lately been invented by 
Mr. Robert Hall, of B<isford, wlio was rewarded with forty gui- 
neas by the Society of Arts. The invention chiefly consists in 
expanding' a set of bars parallel to the axis of a crane, by means 
of which, the velocity of the rope in raising- weights may be di- 
minished or increased, in proportion to the load which is to be 
raised. An engraving and description of this crane may be seen 
in tlie Transactions of tlie Society for the encouragement of Arts, 
vol. 12; OP in the Philosoph. Mag. April 1804, p. 2r0.— E. Ed. 
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than the hind ones^ both ou accoutit of turning 
shorty and to avoid cutting the braces ; others 
wise, the carriage would go much easier if the 
fore- wheels were as high as the hind ones, and 
the higher the better, because they would sink 
to less depths in little hollowings in the roads^ 
and be the more easily drawn out of them*— 
But carriers and coachmen give another reason 
for making the fore -wheels much lower than 
the hind-wheels ; merely, that when they are 
80, the hind-wheels help to push on the fore 
ones ; which is too unphilosophical and absurd 
to deserve a refutation ; and yet, for their satis- 
faction, we shall show by experiment that it has 
no existence but in their own imaginations* 

It is plain that the small wheels must turn 
as much oftener round* than the great ones, ai^ 
their circumferences are less : and therefore, 
when the carriage is loaded equally heavy on 
both axles, the fore-axle must sustain as much 
more friction, and consequently wear out a» 
much sooner than the hind-^axle, as the fore- 
i^heels are less than the hind ones. But the 
great misfortune is, that all the carriers to a 
man do obstinately persist, against the clearest 
reason and demonstration, in putting the hea- 
vier part of the load upon the fore-axle of the 
Waggon ; which not only makes the friction 
greatest, where it ought to be least, but also 
presses the fore-^whe^els deeper into the ground, 
than the hind-wheels, not^withstanding the fore- 
wheels, being less than the hind ones, are with 
80 much tlie greater difficulty drawn out of a 
hole ot over an obstacle, even supposing the 
weights on tlieir axles were equal. For the 
difficulty, with equal weights, will be as the 
depth of the hole or height of the obstacle is to 
the semi-diameter of the wheel. Thus, if we^ 
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Plats supposc the small wheel D of the waggon JUB 
^^^' to fall into a hole of the depth EE^ which is 
equal to the semidiameter of the wheel^ and the 
waggon to be drawn horizontally along, it is 
Fig. a evident, that the point E of the small wheel 
will be drawn directly against the top of the 
hole ; and therefore, all the power of horses 
and men will not be able to draw it out, unless 
the ground gives way before it. Whereas, if 
the hind- wheel G fall into such a hole, it sinks 
not near so deep in proportion to its semidia- 
meter ; and therefore, the point G of the large 
wheel will not be drawn directly, but oblique- 
ly, against the top of the hole ; and so will be 
easily got out of it. Add to this, that as * the 
small wheel will often sink to the bottom of a 
hole, in which a great wheel will go but a very 
little way, the small wheels ought in all reason 
to be loaded with less weight than the great 
onoii ; and then the heavier part of the loa4 
would be less jolted upward and downward, 
and the horses tired so much the less, as their 
di'aught raised the load to less heights. 

It is true, that when the waggon-^oad is 
much up liill, there may be danger in loading 
the hind-part much heavier than the fore-part; 
for then the weight would overhang the hind- 
axle, especially if the load be high, and en- 
danger tilting up the fore-wheels from the 
ground. In this case, the safest way would be 
to load it equally heavy on both axles; and 
then, as much more of the weight would be 
thrown upon the hind-axle than upon the fore 
one, as the ground rises from a level below thft 
carriage. But as this seldom happens, and whea 
it does, a small temporary weight laid upon the 
. pole between the horses would overbalance the 
danger ; and this weight be tlu-own into the 
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waggon when it comes to level ground ; it is 
strange that an advantage so plain and obvious 
as would arise from loading the hind- wheels 
heaviest^ should not be- laid hold of^ by com- 
plying with this method. 

To confirm these reasonings by an experi- 
ment ; let a small model of a waggon be made^ 
with its fore-wheels 2^ inches in diameter, and 
its hind- wheels 44 ; the whole model weighing 
about 30 ounces. Let this little carriage be 
loaded any how with weights^ and have a small 
cord tied to each of its ends^ equally high from 
the ground it rests upon ; and let it be drawn 
along a horizontal boards first by a weight in a 
scale hung to the cord at the fore part; the 
cord going over a pulley at the end of the 
board, to facilitate the draught, and the weight 
just sufficient to draw it along. Then, turn the 
earriage, and hang the scale and weight to the 
hind-cord, and it will be found to move along 
with the same velocity as at first ; which shows 
that the power required to draw the carriage is 
the same, whether the great or the small wheels 
be foremost ; and therefore the great wheels do 
not help in the least to push on the small wheels 
in the road. 

Hang the scale to the fore-cord, and place 
the fore-wheels (which are the small ones) in 
two holes, cut three-eighth parts of an inch deep 
into the board; then put a weight of 3S ounces 
into the carriage, over the fore-axle, and an 
equal weight over the hind one : this done, put 
44* ounces into the scale, which will be just 
Bufficieiit to draw out the fore-wheels : but if 
this weight be taken out of the scale, and one 
of 16 ounces pftt into its place^ if the hind- 
wheels be placed in the holes^ the 16-ounce 
weight will draw them out; which is little more 
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than a third part of what was necessary to draw 
out the ftire-wliecls. This shows^ that the lar- 
ger the wheels are, the less powei* will draw the 
carriage, especially on rough ground. 

Put 641 ounces over the »x\e of the hind- 
wheels, and 32 over the axle of the fore ones^ 
in the caniage, and place the fore-wheels in the 
holes; then put 38 ounces into the scale, which 
will jilst draw out the fore- wheels ; and when 
the hind ones come to the hole, they will find 
but very little resistance, because they sink but 
a little way into it. 

But shirt the weights in the carriage, by put- 
ting the 32 ounces upon the hind-axle, and the 
64 ounces upon the fore one, and place tha 
fore-wheels in the holes : then, if 76 ounces be 
put into the scale, it will be found no more than 
BufBcieut to draw out these wheels. This i» 
double the power required to draw them out, 
when the lighter part of the load was put upoa 
them : which is a plain demonstration of the 
absurdity of putting the heaviest part of the load 
in the fore part of the waggon. 

Every one knows what an outcry was madei 
by the generality, if not the whole body of the 
carriers, against the broad-wheel act; and how 
hard it was to persuade them to comply with it, 
even thougli the government allowed them to 
draw with more horses, and carry greater loads, 
than usual. Their principal objection was, that 
as a broad wheel must touch the ground in a 
great many more points than a narrow wheel, 
the friction must of course be just so much the 
greater ; and, consequently, there must be so 
many more horses than usual to draw the wag. 
gon. I believe that the majority of the people 
were of the same opinion, not considering, that 
if the whole weight qf the waggon and load i^ 
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it bears tipon a great many points^ each sustains 
a proportionably less degree of weight and fric- 
tion^ than when it bears only upon a few points ; 
8o that what is wanting in one^ is made up in 
the other; and therefore will be just equal 
under equal degrees of weight; as may be 
shown hy the following plain and easy expe- 
riment. 

Let one end of a piece of packthread be fas- 
tened to a brick^ and the other end to a com- 
mon scale for holding weights ; then lay the 
brick edgewise on a table^ and, letting the scale 
hang under the edge of the table, put as much 
weight into the scale ad will just draw the brick 
along the table. Then taking back the brick 
to its former place, lay it flat on the table, and 
the same weight in the scale as before will draw 
it along with the same ease as when it lay up- 
on its edge.* In the former case, the brick may 
be considered as a narrow wheel on the ground ; 
and in the latter, as abroad wheel. And since 
the brick is drawn along with equal ease, whe- ^ 
ther its broad side or narrow edge touches the 
table, it shows that a broad wheel might be 
drawn along the ground with the same ease a9 
a narrow one (supposing them equally heavy) 
even though they should drag, and not roll, as 
they go along. t 

As narrow wheels are always sinking into 
the ground, especially when the heaviest part of 

• This is not strictly triie. — Mr. Vince, a late writer on the 
doctrine of friction, has, from the most accurate experiments, 
demonstrated, that friction increases, though not in the same 
ratio, with the quantity of rubbinp^ surface; the weight, and all 
other circumstances, remaining ihe same. — A.Ed. 

f As it is now ascertained that friction increases with an in- 
crease of the rubbing surfaces, the friction of broad wheels must 
be greater than that of narrow wheels, thoag^ it is evident, from 
our author's observations in the following paragraph, that broad 
whiteiB are preferable in wettish and sandy roadi. — £. £ b. 
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the load lies upon them^ they must be consi- 
dered as going constantly' up hill^ even on level 
ground ; and theif sides must sustain a great 
deal of friction by rubbing against tHe ruts 
made by them. But both these inconveniencied 
are avoided by broad wheels ; which^ instead 
of cutting and ploughing up the roads^ roll them 
smooth^ and harden them^ as experience testi- 
fies in places where they have* been used^ espe- 
cially either on wettish or sandy ground ; though 
aifter all it must be confessed, that they vi^ill not 
do in stiff clayey cross roads ; because they 
w^ould soon gather up as mucli clay as would 
be almost equal to the weight of an ordinaxy 
load. 

If the wheels were always to go upon smootilt 
and level ground, the best way would be to 
make the spokes perpendicular to the naves^ 
that is, to stand at right angles to the axles ; 
because they would then bear the weight of the 
load perpendicularly, which is the strongest way 
^ for wood. But because the ground is general- 
^ ly uneven, one wheel often falls into a cavity or 
rut when the other does not ; and then it bears 
much more of the weight than the other does : 
in which case, concave or dishing wheels are 
best, because when one falls into a rut, and 
the other keeps upon high ground, the spokes 
become perpendicular in the rut, and therefore 
have the greatest strength when the obliquity 
of the load throws most of its weight upon 
them; while those on the high ground have 
less weight to bear, and therefore need not be 
at their full strength ; so that the usual way 
of making the wheels concave is by much tte 
best. 

■ The axle of the wheels ought to be perfect* 
ly. straight, that the rim of the wheels niay be 
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parallel to each other ; for then they will move platb 
easiest^ because they will be at liberty to go on ^***- 
straight forward. But in the usual way of prac- 
tice, the axles are bent downward at ilieu' ends, 
which brings the edges of the wheels next the 
ground nearer to one another than their op- 
posite or higher edges are : and this not only • 
makes the wheels drag side wise as they go 
along, and gives the load much greater power 
of crushing them than when they are parallel to 
each other ; but also endangers the overturning 
of the carriage when any wheel falls into a hole 
or rut ; or when the carriage gq^ on a road 
which has one side lower than the other, as 
along the side of a hill. Thus (in the hind 
view of a waggon or cart) let AE and BF be 
the great wheels parallel to each other, on their 
straight axle JK*, and HC I the carriage loaded Fig. 4. 
with heavy goods from C to G. Then, as the 
carj*iage goes on in the obliqi^ road JlaB, tlie 
centre of gravity of the whole machine and load 
will be at C ; and the line of direction CdD 
falling within the w^heel BF^ the carriage will 
not overset* But if the wheels be inclined to 
each other on the ground, as AE and BF ai'c, Fig 5. 
and the machine be loaded as before, from C 
to Gf, the line of dir^tion CdJJ falls without 
the wheel BF, and thewhole machine tumbles 
over. When it is loaded with heavy goods, Fig. 4. 
(such as lead or iron) which lie low, it may 
tnvel safely upon an oblique road so long as 
the centre of gravity is at C, and the line of. 
direction Cd falls within the wheels ; but if it 
be loaded high with lighter goods, (such as 
wool-packs) from C to L^ the centre of gravity Fig 6. 
is raised from C to JT, which throws the. line 
of direction ICk without the lowest edge of 
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platk ix.the \iv'hecl BF, and ilicn the load oversets the 
waggon. 

If there be some advantage from small fore- 
wlieels^ on account of the carriage turning more 
easily and short than it can be made to do when 
they are large^ there is at least as great a disad- 
vantage attending them^ which is^ that as their 
axle is below the level of the horses' breast^ 
the horses not only have the loaded carriage to 
draw along, but also part of its weight to bear^ 
which tires them sooner, and makes them grow 
much stifier in their hams, than they would do 
if they drew on a level with the fore-axle : and 
for this reason, we find coach-horses soon 
romo unfit for riding. So that on all accoui 
it is plain, that the fore-wheels of all can 
ought to be so high, as to have their axles 
with tlie breast of the horses ;* which would 
not only give the horses a fair draughty bqt 
likewise keep them longer fit for drawing the 

carriage.! 

We shall conclude this lecture with a de- 

F«g 1,2 scriptiou of Mr.Vauloue's curious engine, which 
was made use of for driving the piles of West- 
minster bridge ; and the reader may cast his 
eyes upon the first and second figui*es of the 

• Some of ihi» lale writers oa.'«Bechaiiics have recommended, 
nml coriuinly with ^ood reason, that, in whcel-carriag^cs, theline 
«)f traction shouki be made to rise in a small an^le above Uie 
pl.me K^w whici) the carriage is vlrawu. Hy this means the animal 
woiiK! nulot'd bcai' part of the load on his back or shoulders i bat 
this, in^to:i(l of iH'ing' a disadvantag^c, would both lig'hten the 
draft, and also pvc tlic animal a firmer step. In common drmm 
the line of tn»ctioa divcri^'cs very considerably ; and yet, perhaps, 
thci^ is no can'iage on which a horse will drav a greater Load. 
A. Ed. 

t Mr. Edj^^^worth rccominonds the appllcatioa of springy to 
heavy wagf^^ns, &c. b^nrause they facilitate the draug'ht, by pot- 
mitt ing: liic load to rise p'adualiy over an obstacle, without ob- 
structing' the velocity of the carri;kge. Sec Appendix on trksef- 
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plate^ in which the same letters of reference are 
annexed to the same parts, in order to explain 
those in the second, which arc either partly or 
wholly hid in the first. 

Of the Pile-engine. 

A is the great upright shaft or axle, on which 
are the great wheel B and drum C, turned by 
horses joined to the bars S^ S. The wheel B 
turns the trundle JT, on the top of whose axis is 
the fly Oj which serves to regulate the motion, 
and also to act against the horses, and keep 
^lem fi-om falling when the heavy ram Q is 
^Bscharged to drive the* pile P down into the 
^Hnud in the bottom of the river. The drum C 
^Hs loose upon the shaft %1^ but is locked to the 
^TWheel B by the bolt JT. On this drum the great 
rope HH is wound ; one end of the rope being 
fixed to the drum, and the other to the follow- 
er 6r, to which it is conveyed over tlie pulleys 
I and JK*. In the follower G is^ contained the 
tongs F (see Fig. 3.) that take hold of the 
ram Q by the staple R for drawlfig it up. J) 
is a spiral or fusy fixed to the di*um, on which 
is wound the small rope T that goes over the 
pulley 17, under tlie pulley F, and is fastened 
to the top of the frame at 7* To the pulley- 
block V is hung the counterpoise FF, which 
hinders the follower from accelerating as it 
goes down to take hold of the ram ; for, as the 
follower tends to acquire velocity in its descent, 
the line T winds downward iipon the fusy, on 
a larger and larger radius, by which means the 
counterpoise W acts stronger and stronger 
against it ; and so allows it to come down with 
only a moderate and uniform velocity. The 
bolt Y locks the drum to the great wheel, being 
pushed upward by the small lever 3, which 
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LECTURE V. 



Of Hydrostatics^ and JUydraulic Machines. 



THE science of hydrostatics treats of the 
nature^ gravity^ pressure^ and motion of fluids 
in general, and of weighing solids in them.* 
Definition A fluid is a body that yields to the least par* 
of a fluid, tjal pressure or difference of pressures. Its par* 
tides are so small, that they cannot be dis- 
cerned by the best microscopes ; they are hard^ 
' since no fluid, except air or steam, can be 
pressed into a less space than it naturally pos- 
sesses ;t ^^d they must be round and smooth^ 

* The doctrine of fluids is ^nerally divided into three brai^ 
ches. — Hydrostatics, which treats of the gravity and equilibrium 
of fluids at rest ; Jfydrodimamics, which ti-eats of fluids in mo- 
tion ; and Hydraulics^ which treats of tlie construction of ma- 
chines in which fluids are chiefly concerned. — E. Ed. 

t It is now found, from many unquestionable experiments, 
made both in this countr)' and on the continent, that most fluids 
are to a certam dej^ree compr<^ssible. Mr. Canton having piaced 
a g-lass tube filled with water, beneath the receiver of an air- 

♦ pump, and removed the pressure of the atmosphere, found that 
the water expanded itself and rose in the tube. When the same 
glass tube was placed under tlie receiver of a condensing engine* 
and the air in the receiver greatly condensed, the water was 
compressed, and sunk in tl)e tube. When other fluids were 
subjected to similar experiments, he found ihem compressible m 
the following proportions : Spirit of wine 66 millionth parts of 
the wlK>Ie ; oil of olives 43 millionth parts ; rain-water 46 ; se^- 
water 40 ; and mercurj- 3. — For a further account of the experi- 
ments of this ingenious philosopher, see Philo. Trans, vols. 53 
!k 54. — The elasliciiy of water is also evident from therefleciioa 
of stones, which strike the surface of the water in an oblique di- 
rection. -^E. £d. 
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seeing they are so easily moved among one an- Plate x, 
other.* 

All bodies, both fluid and solid, press down- 
ward by the force of gravity : but fluids have 
this wonderful property, that their pressure 
upward, or sidewise, is equal to their pressure 
downward ; and this is always in proportion to 
their perpendicular heiglit, without any regard 
to their quantity ; for, as each particle is quite 
free to move, it will move toward that part or 
side on which the pressure is least : and hence, 
no particle or quantity of a fluid can be at rest, 
till it is every way equally pressed. 

To show by experiment that fluids press up- Fig. i. 
ward as well as downward, let JlB be a long pj^g^ ^ 
upright tube filled with water near to its top ; much up- 
and CD a small tube open at both ends, and ^^,^ 
immersed into the water at the large one ; if 
the immersion be quick, you will see the water 
rise in the small tube to the same height that it 
stands in the great one, or until the surfaces of 
the water in both are on the same level ; which 
shows that the water is pressed upward into the 
smalL^be by the weight of what is in the great 
one ; Wherwise it could never rise therein, con- 
trary to its natural gravity, unless the diameter 
of the bore were so snrall, that the attraction 
of the tube would raise the water ; which will 
never happen if the tube be as wide as that in 
a common barometer. And, as the water rises 
no higher in the small tube after its surface is 
on a level with the surface of the water in the 

• That fluidity depends on the particles of the fluid beings 
smally round, hard, and smooth, is a mere hypothesis, and one 
on which aU the phenoroina cannot be explained; especially those 
of elastic fluids. Tlie more modern, and probable hypothesis is^ 
that fluidity depends on that principle which chemists term car 
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!'LAr2 X great one, which shows that the pressure is not 
in propovtioii to the quantity of water in the 
great tube, but in proportion to its perpendicu- 
lar height therein; for there is much more 
water in the great tube, all arcrund the small 
one, tiian Avhat is raised to the same height 
in the small one, as it stands within the great. 
Take out the small tube, and let the water 
run out of it ; then it will he filled with air. — 
Stop its upper end Avith the cork C, and it will 
be full of air all below the cork : this done^ 
plunge it again to the bottom of the water in 
the groat tube, and you Avill see the water rise 
up in it only to the heiglit £!; Avhich shows that 
the air is a body, otherwise it .could not hinder 
the Avater from rising up to the same height as 
it did before, namely, to ^ ; and in so doing, 
it drove the air out at the top ; but now the air 
is confined by the cork C : and it also shows 
that the air is a compressible body, for if it 
Avere not so, a drop of water could not enter 
Into the tube. 

The pressure of fluids being equal in all di- 
rections, it follows that the sides of a A'e^lel are 
as much pressed by a fluid in it, all around in 
any given ring of points, as the fluid below that 
ring is pressed by the Aveight of all tiiat stands 
above it. Hence the pressure upon every point 
in the sides, immediately above the bottom, is 
equal to the pressure upon every point of the 
bottom. To shoAv this by experiment, let a 

* i^-. :. hole be made at e in the side of the tube •IB, 
close to the bottom, and another lude of the 
same size in the bottom at C ; then pour AA'ater 
into tiie tube, keeping it full as long as you 
choose the holes should run, and have two 
basons ready to receive the water that runa 
through the tAvo holes^ until you think there is 
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enongli in each bason ; and yon Mill find by * 
measuring the quantities, that they are equal, 
which shows that the water runs Avith equal 
velocity through both holes ; which it could 
not do, if it were not equally pressed through 
them both. For, if a hole of the same size be 
made in the side of the tube, as about fy and 
if all tlire^ be permitted to run together, you 
will find that the quantity run through the hole 
at / is much less than what was run in the 
same time through either of the holes C ot e. * 

In the same figure, let a tube be turned up 
from the bottom at e into the shape J9JB, and 
the hole at C be stopped Avith a cork : then pour 
water into the tube to any height, as Jlg^ and 
it will spout up in a jet EFGy nearly as high 
as it is kept in the tube •liS, by continuing to 
pour in as much there as runs through the hole 
e s which will be the case while the surface 
JLg keeps at the same height : and if a little 
ball of cork G be laid upon the top of the jet, 
it will be supported thereby, and dance upon it. 
The reason why the jet rises rfbt quite so liigh 
as the surface of the water Ag^ is owing to the 
resistance it . meets with in the open air ; for, 
if a tube, either great or small, Avere screwed 
upon the pipe at e, the water would rise in it 
until the surface of the water in both tubes was 
out the same level ; as will be shown by the 
next experiment. 

Any quantity of a fluid, how small soever. The hv- 
inay be made to balance and support any q^a,n- 'J^^^Jj^^^^ 
tity, how great soever. This is deservedly 
termed the hydrostatical paradox^ which we 
aliall first show by an experiment, and thfcn 
account for it upon the principle above-men- 
tixmed ; namely^ that the pressiire of fluids is 
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Plvtk X. dlvectly as their perpendicular height^ wiihovt 
any regard to their quantity. 

rig. 3. Let a small glass tube DCG, open througli- 
out, and bended at B, be joined to the end of 
a great one AI at cd, where the great one is 
also open ; so that these tubes in their openings 
may freely communicate with each other. Then 
pour water through a small-necked funnel into 
the small tube at H; this water will run through 
the joining of the tubes at cd^ and rise up into 
the great tube ; and if you continue pouring 
until the surface of the water comes to any part^ 
as .d, in the great tube, and then leaA^e off, you 
will see that the surface of the water in the 
small tube will be just as high at D ; so that 
the perpendicular height of the Avater will be 
the same in both tubes, however small the one 
be in proportion to the other. This shows^ 
that the small column BCG balances and sup- 
ports the great column Acd^ which it could no^ 
do if their pressures were not equal against 
one another in ^le recurved bottom at B. — II 
the small tube be made longer, and inclined in 
the situation GEF^ the surface of the water 
in it Avill stand at Fy on the same level with the 
surface Jl in the great tube ; that is, the water 
will have the same perpendicular height in both 
tubes, althougli the column in the small tube is 
longer than that in the great one ; the former 
being oblique, and the latter perpendicular. 

Since then the pressure of fluids is directly 
as their perpendicular heights, without any re^ 
gard to their quantities, it appears that what- 
ever the figure or size of vessels be, if they be'^ 
of equal heights, and if the areas of their bot- 
toms be equal, the pressures of equal heights ; 
of water are equal upon the bottoms of these^^ 



1; 



*» ^ 



; . • .. M.. 'iM'im^^.^' 



•■' '■-. 
I* 



.■i*A 



.^1- -tf .-%a 



Of Jftydrostatics. 1 10 

vessels^ even though tlie one should Iiold a Plate x. 
thousand^ or ten thousand^ times as mucii wa- 
ter as would fill the other. To confirm this 
part of the hydrostatical paradox by an expe- 
riment^ let two vessels be prepared of equal Fi&- 4» 5. 
heights, but very unequal contents, such as .IB 
in Fig. % and JIB in Fig. 5. Let each vessel 
I)e open at both ends, and their bottoms Dd^ 
jDd^ be of equal widths. Let a brass bottom 
CC be exactly fitted to each vessel, not to go 
into it, but only for it to stand upon ; and let 
a piece of wet leather be put between each ves- 
sel and its brass bottom, for the sake of close- 
ness. Join each bottom to its vessel by a hinge 
D, so that it may open like the lid of a box ; 
and let eacli bottom be kept up to its vessel by 
equal weights ^ and J?, liung to lines which go 
over the pulleys 1^'and F, (wliose blocks are 
fixed to the sides of the vessels at fj^ and tha 
lines tied to hooks at d and (2, fixed in the brass 
bottoms opposite to the hinges D and D. — 
Things being thus prepared and fitted, hold th^ 
vessel JlB (Fig. 5.) upright in your hands 
over a bason on a table, and cause water to be 
poured into the vessel slowly, till the pressure 
of the water bears down its bottom at the side 
dy and raises the weigiit JE ; and then part of 
the water will run out at d. Mark the height 
at which the surface H of the water stood in 
the vessel, when the bottom began to give way 
at d; and then, holding up the other vessel «0 
(Fig. 4.) in the same manner, cause water to 
be poured into it at H; and you will see that 
when the water rises to A in this vessel, just 
as high as it did in the former, its bottom will 
l^so give way at dy and it will lose part of th^ 
water. 

VOL. I. Y 



4* « *i '«■ 



1 20 Of Ilj/drostal ics. 

Plate X. The iiatural reason of this suiiirising pbeaou 
meuou is^ that since all parts of a fluid at 6qiial 
depths below the surface are equally pressed 
in all manner of directions^ the water immedi- 
ately below the fixed part Bf (Fig. 4.) will be 
pressed as much upward against its lower sur- 
face within the vessel, by the action of th6 co- 
lumn •Ig^ as it would be by a column of the 
same height, and of any diameter \thatever ; 

ias was evident by the experiment of the tube, 
Hg. 3.) and therefore, since action and re-action 
are equal and contrary to each other, the water 
immediately below the surface Bf will be 
pressed as much downward by it, as if it Were 
immediately touched and pressed by a column 
of the height g*l^ and of the diameter Bfr 
and, therefore, the water in the cavity BDAf 
will be pressed as much downwai'd upon its 
bottom CC, as the bottom of the other vessel 
(Fig. 5.) is pressed by all the water above it. 
. To illustrate this a little further, let a hole 
be made at/ in the fixed top Bf and let a tube 
G be put into it ; then, if water be poured into 
?::g. 4. the tube .ZI, it will (after filling the cavity Bkj 
rise up in the tube 6?, until it comes to a level 
with that in the tube .3, which is manifestly 
owing to the pressure of the water in the tube 
.4, upon that in the cavity of the vessel below 
it. Consequently, that part of the top Bf^ in 
which the hole is now made, would, if corked 
up, be pressed upward with a force equal to 
the weight of all the water which is supported 
in the tube 6?; and the same thing would hold 
at gj if a hole were made there. And so if the 
whole cover or top Bf were full of holes, and 
had tubes as high as the middle one Ag put 
into them, the water in each tube would rise 
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to tke fiitme height as it is kept in the tube «4^ Plate x, 
by pouring more into it, to make up the defi- 
ciency that it sustains by supplying the others, 
until they are all fall ; and then the water in 
the tube Jl would support equal heights of wa- 
ter in all the rest of the tubes. Or, if all the 
tubes, except A, or any other one, were taken 
away, and a large tube equal in diameter to 
the whole top ^were placed upon it, and ce- 
mented to it, and then if Avater were poured into 
the tube that was left in either of the holes, it 
would ascend through all the rest of the holes, 
until it filled the large tube to the same hciglit 
that it stands at in the small one, after a sufii. 
eient quantity had been poured into it ; which 
^hows, that the top jBf was pressed upward by 
the water under it, and before any hole was 
made in it, with a force equal to that where- 
with it is now pressed downward by the 
weight of all the water above it in the great 
tube. And, therefore, the re-action of the fixed 
top Bf must be as great, in pressing the water 
downward upon the bottom CC, as the whole 
pressure of the water in the great tube would 
have been, if tho top had been taken away, 
and the water in that tube left to press directly 
upon the water in the cavity BDdf. 

Perhaps the best machine in the world forFigr- 6, 
demonstrating the upward pressure of Amds^J^^^f^^"^^^^^ 
is the hydrostatic bellows •A ; Avhich consists fow*. 
of two thick oval boards, each about 16 inches 
broad, and 18 inches lon^, covered with leath- 
er, to open and shut like common bellows, but 
without valves; only a pipe J8, about three 
feet h]gh^ is fixed into the bellows at e. Let 
some water be poured into the pipe at c, wliich 
will ru» iato the bellows, and separate the 
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boards a little. Then lay three weights fr, c, if, 
each Aveighing 100 pounds^ upon the upper 
board^ and pour more water into the pipe jB, 
which will run into the bellows, and raise up 
the board with all the weights upon it ; and if 
the pipe be kept full, until the weights are 
raised as high as the leather which covers the 
bellows will allow them, the water will re- 
main in the pipe, and support all the weights 
even though it should weigh no more than a 
quarter of a pound, and they 300 pounds ; nop 
will all their force be able to cause them to de-r 
scend and force the water out at the top of the 
pipe. 

The reason of this will be made evident, by 
considering what has been already said of the 
result of the pressure of fluids of equal heights 
without any regard to the quantities. Fop, if 
a hole be made in the upper board, and a tube 
be put into it, the water will rise in the tube to 
the same height that it does in the pipe ; and 
would rise as high (by supplying the pipe) in 
as many tubes as the board could contain holes. 
Now, suppose only one hole to be made in any 
part of the board, of an equal diameter with 
the bore of the pipe 5, and that the pipe holds 
just a quarter of a pound of water, if a person 
claps his finger upon the hole, and the pipe be 
filled with water, he will find his finger to be 
pressed upward with a force equal tp a quar- 
ter of a pound. And as the same pressure is 
equal upon all equal parts of the board, each 
part whoso area is equal to the area of the 
hole, will be pressed upward with a force 
equal to that of a quarter of a pound : the suni 
9f all which pressures against the under side 
of an oval board 16 inches binof^d, ^ncl 18 
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inches long^ will amount to 300 pounds-;' and pj^ts x. 
therefore so much weight will be raised up 
and supported by a quarter of a pound of wa- 
ter in the pipe. 

Hence^ if a man stands upon the uppernova 
boards and blows into the bellows through the ^^^ ™y 
pipe Bj he will raise himself upward upon the self up- 
board ; and the smaller the bore of the pipe is, T?^^ ^y 
the easier will he be able to raise himself. — 
And then, by clapping his finger upon the top 
of the pipe, he can support himself as long as 
he pleases, provided the bellows be air-tight, 
so as not to lose what is blown in. 

This figure, I confess, ought to have been 
much larger than any other upon the plate ; 
but it was not thought of, until all the rest 
were dravoi; and it could not so properly 
come into any other plate. 

Upon this principle of the upward pressure How solid 
of fiuids, a piece of lead may be made to swim {^^mTde 
in water, by immersing it to a proper depth, to swim in 
and keeping the water from getting above it.'^*^^^* 
Let CD be a glass tube, open throughout, and ^'^z- 7- 
EFG a flat piece of lead, exactly fitted to the 
lower end of the tube, not to go within it, but 
for it to stand upon ; with a wet leather be- 
tween the lead and the tube to make close 
work. Let this leaden bottom be half an inch 
thick, and held close to the tube by pulling 
the pack-thread IHL upward at L with one, 
(land, while tlie tube is held in the other by 
the upper end C In this situation, let the 
tube be immersed in water in the glass vessel 
•fljB, to the depth of six inches below the sur- 
face of the water at JRT, and then, the leaden 
bottom EFG will be plunged to the depth of 
Sbmewbat more than 11 times its own thick- 
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iiess : holding the tube at that depths you may 
let go the thread at L ; and the lead will hot 
fall from tlie tube, but •will be kept to it by the 
upward pressure of the water below it, occa- 
sioned by the height of tlie water at JK* above 
the level of the lead. For as lead is 11.33 
times as heavy as its bulk of water, and is in 
this experiment immersed to a depth somewhat 
more than 11.33 times its thickness, and no 
water getting into the tulie between it and the 
lead, the column of water EahcG l)elow the 
lead is pressed upward against it by the water 
KJ)EGL all around the tube ; which water 
being a little more than 11.33 times as high as 
the lead is thick, is sufficient to balance and 
8uppoi*t the lead at the depth KE. If a little 
water be poured into the tube upon the lead^ 
it will increase the weight upon the column of 
water under the lead, and cause the lead to 
fall from the tube to the bottom of the glass 
vessel, where it will lie in the situation bd. 
Or, if the tube be raised a little in the wa- 
ter, the lead will fall by its own weight, which 
Avill then be too great for the pressure of the 
water around the tube upon the column of wa- 
ter below it. 
uow iijriit j^t t^Q i)ieces of wood be planed quite flat, 

WflOCl Til Si V^ 1 X ^ 

be made to «<> that uo Water may get in between them when 
Tie at the they arc put together ; let one of the pieces, 
water." ^ ^® ^^^ ^^ cemented to tlic 1>ottom of the Axssel 
AS (Fig. 7.) and the other ])iece laid flat and 
close upon it, and held down to it by a sticky 
while water is poured into the vessel; then 
remove the stick, and the upper piece of wood 
Avill not rise from the lower one ; for, as the 
upper one is pressed down both by its owa 
weight and the weight of all the water ovev 



'J* 

TT' . , - . .- 









• of Hydrostatic^. i 29 

It, while tlie contrary pressure of the water 
is kept off by the wood under it, it will lie 
as still as a stone would do in its place. But 
if it be raised ever so little at one edge, some 
water will then get under it, which being acted 
upon by the water above, will immediately 
press it upward ; and as it is lighter than its 
bulk of water, it will rise and float upon the 
tsurface of the water. 

All fluids weigh just as much in their own 
elements as they do in open air. To prove 
this by experiment, let as much shot be put 
into a phial, as, when corked^ will make it 
sink in water ; and, being thus charged, let it 
be weighed, first in air, and then in water, and 
the weights in both cases set down. Then, 
as the phial hangs suspended in water, and 
counterpoised, pull out the cork, that water 
may run into it, and it will descend, and pull 
down that end of the beam. This done, put 
as much weight into the opposite scale as will 
restore the equipoise ; and this weight will be 
found to answer exactly to the additional weight 
of the phial when it is again weighed in air, 
with the water in it. 

The velocity with which water spouts out atTheveio- 
a hole in the side or bottom of a vessel, is as gp^u^Lg 
the square root* of the depth or distance of water. 
the hole below the surface of the water. For, 
in order to make double the quantity of a fluid 
run through one hole as through another of the 
same size, it will require four times the pres- 
jsure of the other, and therefore must be four 



• The square root of any number is that which being^ulti- 
plied by itself produces the said number. Thus, 2 is the square 
root cf 4y and 3 is 'A\c jquure i-oot of 9 ; for 2 multiplied by 3 
produces 4, and 3 multiplied by 3 produces 9j &c. 









ISB Of Hydrostatics, 

Flatl X. times the depth of the other below the surface 
of the Avatcr ; and for the same reason^ three 
times the quantity running in an equal time 
through the same sort of hole, must run with 
three times the velocity, which will require 
nine times the pressure ; and, consequently^ 
must be nine times as deep below the surface 
of the fluid ; and so on. To prove this by 

l^ig. 8. an experiment, let two pipes, as C and g^ of 
equal sized bores, be fixed into the side of the 
vessel AB; the pipe g being four times as 
deep below the surface of the water at b in the 
vessel as the pipe C is : and while these pipes 
run, let water be constantly poured into the 
vessel, to keep the surface still at the same 
height. Then, if a cup that holds a pint be 
so placed as to receive the water that spouts 
from the pipe C, and at the same moment a 
cup that holds a quart be so placed as to re- 
ceive the water that spouts from the pipe g, 
both cups will be filled at the same time by 
their respective pipes.* 

* Prom a variety of accurate experiments on the motion of flu- 
ids, by M. Brisson, member of the National Institute^ the fol- 
lowing results are deduced. 

1. That the quantities of water expended in equal times by 
different orifices, at the same height in the reservoir, are to one 
another, very nearly as the areas of the orifices, or the squares 
of their diameters. 

2. That the quantities of water expended in equal times by 
the same orifice at different heig:hts in the reservoir are very 
nearly as the square roots of the corresponding altitudes oi 
the water in the reservoir, above the centre of the similar 
orifice s> 

3. That, in general, the quantities of water expended in equal 
times, by different orifices, and at different heights in the reser^ 
voir, are to one another in the compound ratio of the areas of the 
orifices, and the square roCts of the heights in the reseryoir.— 
£.Ed. 
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Of Hydraulics, 137 

The horizontal distance to which a fluid Ttehon- 

.-II .|» !• ii» • _iZontalQis- 

ivill spout'from a iiorizontal pipe, m any parttanceto 
of the side of an upright vessel below the sur- which wa- 
face of the fluid, is equal to twice the length of g^^f^om 
a perpendicular to the side of the vessel, pipes. 
drawn from the mouth of the pipe to it semi- 
circle described upon the a.ltitude of the fluid : 
and therefore, the fluid will spout tq the great- 
est distance possible from a pipe, whose mouth 
is at the centre of the semicircle ; because a 
perpendicular to its diameter (supposed paral- 
lel to the side of the vessel) drawn from that 
point, is the longest that can possibly be drawn 
from any part of the diameter to the circum- 
ference of the semicircle. Thus, if the vessel ^'ff* ^' 
JiB be full of w ater, the horizontal pipe p be 
in the middle of its side, and the semicircle 
JSTdcb be described upon jD as a centre, with 
the radius or semidiameter Dg^ST^ or D / 6, the 
perpendicular DA to the diameter ^Db is the 
longest that can be drawn from any part of the 
diameter to the circumference JSTdcb. And if 
the vessel be kept full, the jet G will spout 
from the pipe J), to the horizontal distance 
JWIf, which is double the length of the per- 
pendicular Dd. If two other pipes, as C and 
£y be fixed into the side of the vessel at equal 
distances above and below the pipe Z), the 
perpendiculars Cc and Ee^ from these pipes 
to the semicircle, will be equal ; and the jets 
F and H spouting from them will each go to 
the horizontal distance J\riC; which is double 
the length of either of the equal perpendiculars 
Cc or Ee* 

Fluids by their pressure may be convey ed J^*** ^*': 
over hills and yallies in bended pipes, to any conv^y^d^ 
height not greater. than the level of the spring ^vcrhiiiB 

YOL. I. Z & values. 
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Plate X. from wlience they flow.* But when they ate 

designed to be raised higher than the springs, 

forcing engines must be used, which shall be 

described when we come to treat of pumps. 

The A syphon, generally used for decanting li- 

*nphon. qyQps^ ig a bended pipe, whose legs are of 
unequal lengths ; and the shorter leg must 
always be put into the liquor intended to be 
decanted, that the perpendicular altitude of 
the column of liquor in the other leg may be 
longer than the column in the immersed leg^ 
especially above the surface of the watfer* 
For, if both columns were equally high in that 
respect, the atmosphere, which presses as 
much upward as downward, and therefore 
acts as much upward against the column in 
the leg that hangs without the vessel, as it 
acts downward upon the surface of the liquor 
in the vessel, would hinder the running of the 
liquor through the syphon, even thougb it 
were brought over the bended part by suction. 
So that there is nothing left to cause the mo- 
tion of the liquor, but the superior weight of 
the column, in the longer leg, on account of 
its having the greater perpendicular height. ' 

rig. 9. Let JD be a cup filled with Avater to C, and 
•£BC a syphon, whose shorter leg BCF is im- 

* It frequently happens, that in the winter-season a supply of 
water is cut off bv the congelation of the water in the pipes ; and 
the tubes themselves are often burst by the expansion that takes 
place during the freezing of the included water. — For remedying 
these inconveniencies, Mr. Wright of Kenning^on reconamends 
the application of an air-valve, bv means of which the conduit- 
{>ipes may be kept empty) when there is no occasion for a supply 
of watcrw---For a description of this valve, and for farther 
informatioii upon this useful subject, we must refer the reader 
to the Philosophical Magptzine lor July 1804, No. 74, p. 147. — 
K. Ed. 
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mersed it, the water from C to F. If the end 
of the other leg were no lower than the line/ 
•AG, which is level with the surface of the wa- 
ter^ the syphon would not run^ even thpugh 
the^ air should be drawn out of it at the mouth 
JL, For although the suction would draw 
some water at first, yet the water would stop 
at the moment the suction ceased; because 
the air would act as much upward against the 
water at ^, as it acted downward for it by 
pressing on the surface at C. But if the leg 
AB comes down to G, and the air be drawn 
out at Cr by suction^ the water will immediate- 
ly fojlow, and continue to run, until the sur- 
face of the water in the cup comes down to Fi 
because, till then, the perpendicular height of 
the column BAG will be greater than that of 
the column CB} and consequently its weight 
will be greater, until the surface comes down 
to F; and then the syphon will stop, though 
the leg CF should reach to the bottom of the 
cup. For which reason, the leg. that hangs 
without the cup is always made long enough 
to reach below the level of its bottom, as from 
d to JSv' and then, when the syphon is emp- 
tied of air by suction at JEJ, the water imme- 
diately follows, and by its continuity brings 
away the whole from the cup ; just as pulling 
one end of a thread will make the whole clue 
follow. 

If the perpendicular height of a syphon, 
from the surface of the water to its bended top 
at Bf be more than 33 feet, it will draw no 
water, even though the other leg w©re much 
longer, and the syphon quite emptied of air ; 
because the weight of a column of water 33 
feet high, is equal to the weight of as thick a 
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Plate X. column of air, reaching from the surface of the 
eartli to the to]) of the atmosphere : so that 
there will tlien be an equilibrium, and, conse- 
quently, though tliere would be weight enough 
of air upon the surface C to make the water 
ascend in the leg CB almost to the height By 
if the syphon were emptied of air, yet that 
weight would not be sufficient to force the wa- 
ter over the bend ; and tlierefore, it could ne-^ 
ver be brought over into the leg BAG. 

Let a hole be made quite through the bottom 

of the cup Aj and the longer leg of the bended 

Fig. 10. syphon DEBO be cemented into the hole, sq 

Tji/aW* ^^^^ tij^ gj^Q J) ^f tj,^ shorter leg BE may al. 

most touch the bottom of the cup within. 

Then, if water be poured into this cup, it will 
rise in the shorter leg by its upward pressurci 
driving out the air all the way before it through 
the longer leg ; and when the cup i^ filled above 
the bend of the syphon at JP, the pressure of 
the, water in the cup will force it over the bend 
of the syphon ; and it will descend in the lon- 
ger leg CBGy and run through the bottom^ 
until the cup be emptied. 

This is generally called Tantaluses cup^ 
and the legs of the syplion in it are almost 
close togjsther ; and a little hollow statue^ or 
figure of a man, is sometimes put over the sy- 
phon to conceal it ; the bend E being within 
the neck of the figure as high as the cliin. So 
that poor thirsty Tantalus stands up to the 
chin in water, imagining it will rise a little 
higher, and that he may drink ; but instead of 
this, whan the water comes up to his chin^ it 
immediately begins to descend, and so, as he 
cannot stoop to follow it, he is left as maol^ 
^aiped with thin^j; as ever» 
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The device called the fountain at command^'^^ fi^- 
acts upon the same principle with the syphon command. 
in the cup. Let two vessels •! and B he join- platoXI. 
ed together by the pipe C which opens into^'^*^' 
them both. Let A be open at top, B close 
both at top and bottom, save only a small hole 
at b to let the air get out of the vessel JB, and 
let A be of such a size as to hold about six 
times as much water as B. Let a syphon 
DEF be soldered to the vessel B at e, so that 
the part DJEe may be within the vessel, and JP 
without it ; the end D almost touching the bot- 
tom of the vessel, and the end F below the 
level of D : the vessel B hanging to A by the - 
pipe C (soldered into both), and the whole 
supported by the pillar^ G and H upon the 
stand J. The bore of the pipe must be consi- 
derably less than the bote of the syphon. 

The whole being thus constructed, let the 
vesflel A he filled with water, which will run 
through the pipe 0,^ and fill the vessel B. 
When B is filled above the top of the syphon 
at JB, the water will run through the syphon, 
and be discharged at F. But as the bore of 
the syphon is larger than the bore of the pipe, 
the syphon will run faster than the pipe, and 
will soon empty the vessel B; upon which the 
water will cease from running through the sy- 
phon at F^ until the pipe C refills the vessel 
jB, and then it will begin to run as before. 
And thus the syphon will continue to run and 
stop alternately until all the water in the ves- 
sel A has run through the pipe C. So that 
after a few trials, one may easily guess about • 

what time the syphon will stop, and when it 
will begin to run ; and then, to amuse others, 
lie may call out stop ! or rm ! accordingly, 
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jntermif Upon this principle^ we may easily account 

*M f ^^^ intermitting^ or reciprocating springs. — 

tJtmxi. Let •!•! be a part of a hill^ within which there 

Fig. 2. ig n cavity BB; and from this cavity a vein or 

channel running in the direction BCDE. The 

rain that falls upon the side of the hill will 

sink and strain tiirough the small pores and 

crannies G^ G, G^ Gj and fill the cavity with 

water JE*. When the water rises to the level 

HHCj the vein BCDE will be filled to C, 

and the water will run through CBFslh through 

a syphon ; which running will continue until 

the cavity be emptied^ and then it will stop 

until the cavity be filled again. 

Degfiription and Principles of sundry Hydro* 

static Engines. 



The 

comnum 
pump. 



& 



The common pump^ (improperly called the 
sucking pump J with which we draw water 
out of wells, is an engine both pneumatic and 
hydraulic. It consists of a pipe open at both 
ends^ in which is a moveable piston or bucket^ 
as big as the bore of the pipe in that part 
wherein it works ; and is leathered rounds so 
as to fit the bore exactly ; and may be moved 
np and down^ without suffering any air to 
come between it and the pipe or pump-barreL 

We sliall explain the construction both of 
this and the forcing- pump by pictures of glass 
models^ in which both the action of the pistons 
and motion of the valves are seen.f 

* The puvip was invented about 120 years before Christy by 
CteabeSf a mathematician in Alexandria.<^E. Ed. 

t There are three kinds of valves, the clack-valve^ the buUer- 
Jly-valvs, and the button or tail-'9alve. The clack-valve, which if 
represented by b in Figures 3 and 4, consists merely of a circular 
piece of Leather covering the aperture of the pipe, and moving 
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Hold the model DCBL upright ia the ves- Pi^ts xi. 
sel of water JT, the water being deep enough 
to rise at least as high as firom A to L. The 
valve a on the moveable bueket G^ and the 
valve b on the fixed box H (whic^ box quite 
fills the bore of the pipe or barrel at HJ will 
each lie close by its own weight, upon the 
hole in the bucket and box, until the engine 
begins to work. The valves are made of 
brass, and lined underneath with leather for Fig. 3. 
covering the holes the more closely ; and the 
bucket G is raised and depressed alternately 
by the handle E and rod Ddj the bucket be- 
ing supposed at B before the working begins. 

Take hold of the handle E^ and thereby 
draw up the bucket from B to 0, which will 
make room for the air in the pump all the way 
below the bucket to dilate itself, by which its 
spring is weakened, and then its force is not 
equivalent to the weight or pressure of the 
outward air upon the water in the vessel K; 
and, therefore, at the first stroke, the outward 
air will press up the water through the notched 
foot ttA, into the lower pipe, about l;s far as e.* 
this will condense the rarified air in the pipe 



on a hinge sometimes made of metal. The butterfly-vdboe^ which 
is superior to the former, consists of two semicircular pieces of 
leather, moving round their diameters, which are fixed on a bar 
placed across the opening in the piston. The button-vahte is com- 
posed of a plate of brass, with a conical edge, ground in such a 
manner ^s to fit the conical cavity in which it lies. A cylindrical 
tiul rises at right angles from its under side, and passes through 
a bar which lies across the bottom of the box. A little knob is 
placed at the under part of the tail, to prevent the valve from ris- 
ing too high. Sometimes valves are made in the form of pyra- 
Buds. They consist of four triangular flaps, which represent the 
•ides of the pyramid, and move upon hinges fixed on the circum- 
jMence of the opening. Their vertices meet in the middle of the 
fljpeningy and are supported by four bars whiqh meet in the cen- 
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between e and C to the same state it was in 
before ; and tiien^ as its spring within the pip« 
is equal to the force or pressure of the outward 
air^ the water will rise no higher by the first 
stroke ; and the valve b^ which was raised a 
little by the dilatation of the air in the pipe, 
will fall^ and stopping the hole in the box J2, 
the surface of the water will stand at c/ Then, 
depress the piston or bucket from B Uy Cy and 
as the air in the part B cannot get back again 
through the valve b^ it will (as the bucket de- 
scends) raise the valve a^ and so make its way 
through the upper part of the barrel d into the 
open air. But upon* raising the bucket G a 
second time^ the air between it and the water in 
the lower pipe at a will be again left at liberty to 
fill a larger space ; and so its spring being again 
weakened^ the pressure of the outward air on 
the water in the vessel K will force more water 
up into the lower pipe from e to f; and when 
the bucket is at its greatest height Cy the lower 
valve b will fall^ and stop the hole in the box 
jET as before. At the next stroke of the bucket 
or piston^ the water will rise through the box 
H toward £, and then the valve b^ which was 
raised by it, will fall when the bucket G is at 
Its greatest height. Upon depressing the bucket 
again, the w ater cannot be pushed back through 
the valve 5, which keeps close upon the hme 
while the piston descends. And upon raising 
the piston again, the outward pressure of the 
air will force the w^ater up through jtf, where it 
will raise the valve, and follow the bucket to 
« C Upon the next depression of the bucket 

G, it will go down into the water in the barrel 
B; and as the water cannot be driven back 
through the new closed valve 6, it wUl raise the 
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, talvfe a. Ail the bucket descendiir^ and "pHQI 1M 
Mfted up by the bucket When it is Xiext hiSfledd 
And novr^ the Whole space below the bucket 
being foS^ the water above it "cannot sitik when 
it is next depressed ; but Upon its depresikioni 
tiiM valve a will rise to let the buck^ go doWn$ 
and when it is quite down^ the valve a willM|. 
by its weighty and stop the hole in tli» bucket* 
When the bucket is next raised^ all the water 
iboire it will be lifted up^ and begin to rnft e£f 

: :by the pipe JP. And thus^ by I'auiqg iMid de- 
jessing the bucket alternately^ there is "still 

•\ Ibore water raised by it ; which getting abovtf 
the pipe jP^ into the wide top /^ will fiippiy 
tile pipe^ and make it run with a c^t&Med 
ittrean^. 

'^ Thus^ at every time the bucket (is Aise^/iha 
#alve b rises^ and the valve a falls ; and at 6V<< 

S'j time the bucket is depressed^ &e v«lt« ft 
Is^ and a rises^ 
' As it is ttie pressture of thei air oir atBiOie^tbeiV' 
iMMch causes the water to rise^ and folio w the ' 
jriiton or bucket Cr as itisdrawnup; aAddfii^ 
% «otl|pimn of Water 33 feet high is of d^oil 
ihsigbt with as thick a column of fiie atmo'd'^ 
"pJMt^i^ from the earth to tiie very top of th« 
airf Uierefofe, tiie perpendicular height, of th4F 

r' ton or bucket fiN^m the surface of the wateif 
ti^e well must always be lesa thim 38 feet | 
i^lierWise the water will never get above the' 
bucket. But^ when the height is Tess^ tibe pYes^ 
0ure of the atmosphere will be greater thiui the 
freight of the water in the pump^ aiid Willy 
ipierefore, raise it above the bucket ; and when 
ihe water hat oufgjB'gpt above, the bucket^; |t 
liay be lifted thei^;^. to mit height^ if ihe iM 
lb be mai^ long eij^^igh^ a^ a suflkieM degic^i 
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of strengih be emplojed^ to nise it wiAllMl 
Wfdght of the irater above the bucket. 

The force requind to work a pump ^tirill be 
as the height to which the water is raised^ and 
as the square of the diameter of the pump-bdie^ 
in that part where the piston works. Bo tlmt^ 
if two pumps be of equal hei^ts^ and cme .4^ 
tliem be twice as wide in the bore all tfie oth^^ 
tiie wider cme will raise four times as much wft» 
ter as the narrower ; and will therefore reqpiit 
four times aa much strength to work it. .. - ^> : 

The wideness or narrowness of the puHip^li 
any c^er part beside that in which the puiMt 
wolks^ does not make the pump either mwew 
less difficult to work^ except what diffisMiiM 
may arise from the friction of the water iii'ttjif 
bore 4 which is always greater in a narrow lAM 
than in a wide one^ because of the greateripdiK 
diyof the water. - •*> ^ 

The pump-rod is seldom raised lUiwtly li^ 
such a handle as £ at the-top^ but by means of 
a leyer^ whose longer arm (at the end of whidh 
the power is applied) generally exceeds:^ tfta 
length of the shorter arm five or six times $ aifdy 
by that mea^^ it gives five or six times as much 
advantage to the power.^ Upon these princi- 
ples^ it will be easy to find the dimensions of a 



* When it is neeeiMry that more than one mm ahonldliei 

ployedt much power would be nined by fixing a handleatri|^ 

.^' : angles with the le?er, and at tiie extremity ^ iu longer amu 

"^ ^ Supposing three men to work at a lever, whose longer aim is 6 

feet, and the ahorter arm 1 loot, the oatermost wiU woik with a 
Ibrce, which may be called 6; the second, who most be nearor 
the centra of motion, witha force not much greater than 5t aad 
the third with a force neaity equal to 4 ; so that their imifted «!B> 
«rtiona wUl be equal to 15; whereaa by adopting the ■>*^fcffff 
pfopoaed, each wotknutt would exert «. force eqnal to 6^ -^md 
thev imtted effiwta would amonat to 18. This croaa handlt 
Might he to mida aii to tdoe off and p«t on at pleaBiirBrf--S. ■». 
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pump that shall work with a given force^ and 
draw water from any given depth. But, as 
these calculations have been generally neglect- 
ed by pump-makers (either for want of skill or 
industiy)^ the following table was calculated by 
the late ingenious Mr. Booth for their benefit.^ 
In this calculotion, he supposed the handle of 
the pump to be a lever increasing the power 
five times ; and had often found that a man can ' 
work a pump four inches diameter, and 30 feet 
high, and discharge 37| gallons of water (Eng- 
lish wine measure) in a minute. Now, if it be 
required to find the diameter of a pump, that 
shall raise water with the same ease from any 
other height above the surface of the tvellj 
look for that height in the first column, and 
over against it in the second you have the dia- 
meter or width of the pump ; and in the third, 
you find the quantity of water which a man of 
ordinary strength can discharge in a minute. 



1S7 



- * I have tftken the liberty to make a few alterations in Mr. 
Booth's numbers in the table, and to lengthen it out.from 80 feet 
to 100. 
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ao 

85 
40 
4S 
00 
00 
60 
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90 

93 

100 
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3 
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3 
8 
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8 
8 
8 
8 
8 
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98 
66 

90 
38 
00 
70 
46 

27 
10 

90 
84 
78 
68 
53 
45 
38 
31 
85 
19 
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40 
38 

87 
83 
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11 
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10 
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8 
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The fircimg-pump raises water throo^ tiiii- 
box JST in the (Bame manner as the cmoMdii 
pamp does, when the plunger or piston g ii 

fifiedupbytherodjWv But this pfainger |M 
BO hole thraugh it^ to let the water in tho hm^ 
ft\ MC get aboTe it» when it is depressed to A 
fui4 the Talfo k (which lose by the wcf^ «f 
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the water through the box H when the plunger 
g was drawn up)^ falls down and stops die hole 
in Hy the moment that the plunger is raised to 
its greatest height. Therefore^ as the water 
between the plunger g and box H can neither 
get through the plunger upon its descent^ nor 
back again into the lower part of the pump Le^ 
but has a free passage by the cavity around H 
into the pipe MM^ which opens into the air- 
vessel ICIC at P; the water is forced through 
the pipe MM by the descent of the plunger^ 
and driven into the air-vessel; and in run- 
ning up through the pipe at P, it opens the 
valve a ; which shuts at the moment the plun* 
ger begins to be raised^ because the action of 
the water against the under side of the valve 
then ceases. 

The water, being thus forced into the air- 
vessel KK by repeated strokes of the plunger, 
gets above the lower end of the pipe GHIj and 
then begins to condense the air in the vessel 
KK. For, as the pipe GU is fixed air-tight 
into the vessel below jP, and the air has no 
way to get out of the vessel but through the 
mouth of the pipe at /, and cannot get out 
when the mouth / is covered with water, and 
is more and more condensed as the water arises 
upon the pipe, the air then begins to act for- 
cibly by its spring against the surface of the 
water at H: and this action drives the water 
up through the pipe IHGh\ from whence it 
spouts in a jet «S> to a great height ^ and is 
supplied by alternately raising and depres- 
sing of the plunger g^ which constantly for- 
^s the water that it raises through the valve 
JSr, along the pipe MMy inlp the air-vessel 

KKm ■ 
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The higher Qai the mirfoee of the wkier B 
^ J8 raised in the ur-vesflel, the less apace wSlthti . 

air be condeoKd into, which before filled ^rid 
vessel; and therefore the force of its «ipaa§ 
will be 80 much ^e stronger apon tiie watei^ 
and will drive it with the greater force %ton^ 
the pipe at F; and as the spring of the air eoUQi 
nnes while the plunger g is rising, the atiwa 
or jet 8 will be imifonn, as long u the- aetjas 
of Ae pioneer continues : and when the valw 
& opens j to let the water follow, the plnnger i^ 
wards, the valve a shuts, to hinder the '9nJte^ 
whieh' is forced into the air-vessel, from niH -. 
' ' ning back by the pipe MM into the bwnl ii, 

the pnmp. ^-v ' 

If there were no air-vessel to this en^ii%:tt9 
L ^ , ' jnpe GHI would be joined to the pipe JiJl$M! •■ 
aiPf and then, the jet 8 would 8t^«v^ • 
time the plunger is raised, and run onl^ ifVSH • 
^ the pioneer is depressed. - ■*'- . '. ^ 

Mr. Newsham's water-en^ne, far tatthtk " 
goishmg fire, consists of two forcing piUUi$ 
which alternately drive water into a close' Utto^ ' 
vessel, and, by forcing the water into that j9ai , 
sel, the air in it is thereby condense^ «b||' 
compresses the water so strongly, <that it ru^. 
es out with great impetuosity and force tiurom^, 
a pipe that comes down into it, and malceaaK - 
'^ eontinued uniform stream by the eondeas^all .' 

■ ot the air upon its surface in the vessel. * 

By means of forcing-pumps, water may be ; 
^ taised to any height a^ve the. level of a river 

• A ourioiu machme for estinguiibing fire wns invented by 
.one Grcfl, in which a vesBcl full of water is dispersed in erctr , 
' ^reetioni b^ th^ explosion of & quantity of gunpowder placed . 
in ila centre, and kindled by a match fitted for the purpose, Mr. 
. . Go^in'( idea of a water^mb fbr the lantc purpose, seema to 
be denred from tbea||>ore maduDe— B. En. 
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or spring; and machines may be contrived 
to work these pumps^ either by a running 
stream^ a fall of water, or by horses. An in- 
stance in each sort will be sufKcient to show 
the method. 

First, by a running stream, or a fall of wa- pi-atb 
ter. Let AJl be a wheel, turned by the fall of ^^^- ^ 
water BJB} and have any number of cranks 
(suppose six) as C, 1>, £, F^ Cr, H, on its axis, 
according to the strength of the fall of water, 
and the height to which the water is intended 
to be raised by the engine. As the wheel turns 
round, these cranks move the levers, e, df, e, /, a pump 
gy A, up and down, by the iron rods, t, fc, Z, iw, ^"g^"^ ^^ 
«, ; which alternately raise and depress the fer. ^ ^^' 
pistons by the other iron rods p^ y, r, 5, f, w, zr, 
or, ^, in twelve pumps ; nine whereof, as £, My 
jir. Of P, Q, Ry Sy T, appear in the plate, the 
other three being hid behind the work at V. 
And as pipes may go from all these pumps to 
convey the water (drawn up by them to a small 
height) into a close cistern, from which the 
jDiain pipe goes off, the water will be forced 
into this cistern by the descent of the pistons. 
And as each pipe, going from its respective 
pump into the cistern, has a valve at its end in 
the cistern, these valves will hinder the return 
of the water by the pipes ; and therefore, when 
the cistern is once full, each piston upon its 
descent will force the water (conveyed into the 
cistern by a former stroke) up the main pipe, 
to the height the engine was intended to raise. 
it: which height depends upon the quantity 
raised, and the power that turns the wheel. — 
When the power upon the wheel is lessened by 
any defect of the quantity of water turning it, 
a proportionable number of the pumps may be 
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set iuide, by ditengsgiDg tlieir rods En»K:tiM 
vibr^ng levera* . : • 

This figure is a representatiDn of the tsammt 
erected at Blenheim for tb.e JDuke of 'Mmwrnt^ 
rough, by tbe late ingenious Mr. Alderaea.-lte . 
Water-wheel is -7| feet in diameter, accordb^ 
to Mr. Switzer's account in his Hydnraliea^ ; 
"When ench a machine is placed in ■'frtrniw 
' that rans upon a small decljvity, the MotiottnC 
the levers and action of the pumps wiU be Inil;. ' 
slow, since tbti wheel must go once round Ibr 
each stroke of the pumps. But whea than It 
a large body of slow ninning water, a mmIv .. 
' spur-wheel may be placed upon each si4e vfy^ ' 
water-wheel ^Sid, upon its axis, to tdraa'tatHp 
die npon each side ; the cranks being apaMii 
axis of the trundle. And by proportionuupAi' 
cog-whevis to the trundles, the motion sF-tfl 
pnmps iqay be made quicker, aeeording ts-tf|v 
qnajitity and strength of the water upon. ^ 
first wheel, which may be as great as Uib woflik 
man pleases, according to the length' wt$' 
breadth of the float-boards or wings of die wkiA 
In this manner, the engine for raising w&teT'ii, 
London bridge is consixucted; in which itti ' 
water-wheel is SO feet diameter, and theSoillF 
14 feet long. . . '^ 

' ApMimp Where a stream or fall of water cannot be ; 
""^h*" '^^' "^^ gentlemen want to have water raised, i 
f^ ""^'and brought to their houses flrom a rivulet or 1 
Cftring, this may be efifected by a liorse-engiBCt I 
tig.2. Working three foreisg-pumps which stand in a ' 
rC!«raTOir- filled by the spring or rivulet; the 
pistons being moved up andt^wn in tfae pumps ]. 
by means of a triple crank ABC, which, as H ^ 
is turned round by the trundle G, raises and de- 
presses the'rads Bf E, F. The trundle ra»3&to ' 
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turned by such a wheel as jF, in Fig. 1, of Plate 
Vni. having levers y^ y, y^ y^ on its upright 
axle, to which horses may be joined for work- 
ing the engine* And if the wheel.have three 
times as many cogs as the trundle has staves or 
rounds, the trundle and cranks will make three 
revolutions for every one of the wheel ; and as 
iBach crank will fetch a stroke in the time it 
goes round, the three cranks will make nine 
strokes for every turn of the great wheel. 

The cranks should be made of cast iron, be- Plate 
cause that will not bend ; and they should each ^^* 
make an angle of ISO with each of the others, 
as at a, 6, c, which is (as it were) a view ofpi^.s. 
their radii, in looking endwise at the axis ; and 
then there will be always one or other of them 
goin^ downward, which will push the water 
forward with a continued stream into the main 
pipe* For when b is almost at its lowest posi< 
tion, and is therefore just beginning to lose its 
action upon the piston which it moves, c is be- 
ginning to move downward, which will by its 
piston continue the propelling force upon the 
water ; and when c is come down to the posi- 
tion &, a will be in the position of e. 

The more perpendicularly the piston rods 
move up and down in the pumps, the freer and 
better will their strokes be : but a little devia- 
tion from the perpendicular will not be material. 
Therefore, when the pump-rods 1>, E^ and F, 
go down into a deep well, they may be moved 
directly by the cranks, as is done in a very 
* good horse-engine of this sort at the late Sir 
James Greed's at Greenwich, which foreeii up 
Crater about 64 feet from a well under ground, 
to a reservoir on the top of his house. But 
whieii the oranks are only at a small height above 
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the pomps^ the pistons must be moved by vi^ 
brating levers^ as in the above engine at Blen- 
heim ; and the longer the levers are^ the near- 
er will the strokes be to a perpendieular. 
The quui- Let US suppose^ that in such an en^e as 
tethar*^ Sir James Creed's the great wheel is IS feet 
may^ be diameter^ the trundle 4 feet^ and the radius or 
^xh^^J length of each crank 9 inches^ working a pis- 
engine, ton in its pump. Let there be three pumps in 
all; and the bore of each ][)ump be four inches 
diameter. Then, if the great wheel has three 
times as many cogs as the trundle has staves^ 
the trundle and cranks will go three times 
round for each revolution of the horses and 
. wheel; and the three cranks will make * nine 
strokes of the pumps in that time, each stroke 
^ being 18 inches (or double the length of the 
crank) in a four-inch bore. Let the diameter 
of the horse-walk be 18 feet,^ and the perpen- 
dicular height to which the water is raised 
above the surface of the well 64 feet. 

If the horses go at the rate of two miles aa 
hour (which is very moderate walking), tihey 
will turn the great wheel 187 times round in 
an hour. 

In each turn of the wheel the pistons make 
9 strokes in the pumps, which amount to 1683 
in an hour. 

Each stroke raises a column of water 18 m* 
ches long, and 4 inches thick, in the pump-' 
barrels ; which column, upon the descent of 
the piston^ is forced into the main pipe, whose 
perpendicular altitude above the surface ot the 
well is 64 feet. 

• The diameter of the horse-walk should never be less than 
'" forty feet, when the nature of the place will permit. When the 

diumeier is only 18 feet, as mentioned abovej the liorse wiU pnU 
*" I with only twofifthB of his strength.— E, Ep. 
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Now, since a column of water 18 inches 
long, and 4 inches thick, contains 22&AS cubic 
inches, this number multiplied by 1683 (the 
strokes in an hour) gives 380,661 for the num- 
ber of cubic inches of water raised in an hour. 

A gallon,^ in wine measure, contains S31 
cubic inches, by which divide 380.661, and it 
quotes 1468 in round numbers, for the number 
of gallons raised in an hour ; which, divided 
by 63, gives a6| hogsheads.-^If the horses go 
faster, the quantity raised will be so much the 
greater. 

In this calculation it is supposed that no wa- 
ter is wasted by the engine. But as no forcing 
engine can be supposed to lose less than a fifth 
part of the calculated quantity of water, be- 
tween the pistons and barrels, and by the open- 
ing and shutting of the valves, the horses ought 
to walk almost 2^' miles per hour, to fetch up 
this loss. 

A column of water 4* inches thick, and 64 
feet high, weighs 349tV pounds avoirdupois, 
or 4S47% pounds troy ; and this weight, toge- 
ther with the friction of the engine, is the re* 
sistance that must be overcome by the strength 
of the horses. 

The horse-tackle should be so contrived, 
that the horses may rather push on than drag • 
the levers after them. For, if they draw, in 
going round the walk, the outside leather straps 
will rub against their sides and hams, which 
will hinder them from drawing at right angles .| 
to the levers, and so make them pull at a dis- 
advantage. But if they push the levers before 
tbieir breasts, instead of dragging them, they 
can always walk at right angles to these le- 
vers. 
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146 Of Hydratdic Engines. 

It is noM'ise material what the diameter of 
the main or couduit-pipe be ; for the whole re- 
fiistance of the water therein^ against the horses^ 
will be according to the height to wliich it is 
raised^ and the diameter of that part of the 
pump in which the piston works^ as we have 
already observed. So that by the same pump, 
an equal quantity of water may be raised in 
(and consequently made to run from) a pipe of 
a foot diameter^ with the same ease as in a pipe 
of five or six inches ; or rather with more ease^ 
because its velocity in a large pipe will be less 
than in a small one ; and therefore its friction 
against the sides of the pipe will be less also. 

And the force required to raise water depends 
not upon the length of the pipe^ but upon the 
perpendicular height to which it is raised there- 
in above the level of the spring. So that the 
same force which would raise water to the 
height aO^ in the upright pipe MklmnopqB, 
rig. 3. will raise it to the same height or level BIH 
in the oblique pipe AEFGH. For the pres-< 
sure of the water at the end A of the latter^ is 
no more than its pressure against the end A of 
the former. 

The weight or pressure of water at the low* 
er end of the pipe^ is always as the sine of the 
angle to which the pipe is elevated above the 
level parallel to the horizon. For^ although 
the water in the upright pipe AB would re- 
quire a force applied immediately to the lower 
end A equal to the weight of all the water in it, 
to support the water^ and a little more to drive 
it up^ and out of the pipe ; yet^ if that pipe lie 
inclined from its upright position to an angle of 
80 degrees^ (as in A 80) the force required to 
support or to raise the same cylinder of water 
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ivill then l^e as much less^ as the sine 80 }i is 
less than the radius AB ; or as the sine of 80 
degrees is less than the sine of 90. And so^ 
decreasing as the sine of the angle of elevation 
lessens^ until it arrives at its level tdC or place 
of rest, where the force of the water is nothing 
at either end of the pipe. For, although the 
absolute weight of the water is the same in all 
positions, yet its pressure at the lower end de- 
creases, as the sine of the angle of elevation de- 
creases ; as will appear plainly by a farther 
consideration of the figure. 

Let two pipes AB and ACy of equal lengths 
and bores, join each other at A ; and let the 
pipe AJU be divided into 100 equal parts, as 
the scale S is ; whose length is equal to the 
length of the pipe. Upon this length, as a ra- 
dius, describe the quadranf BCDy and divide 
it into 90 equal parts or degrees. 

Let the pipe AC be elevated to 10 degrees 
npon the quadrant, and filled with water ; then, 
part of the water that is in it will rise in the 
pipe ABf and if it be kept full of water, it will 
riiise the water in the pipe AB from A to i ; 
that is, to a level i 10 with the mouth of the 
pipe at 10 : and the upright line a 10, equal to 
•di, will be the sine of 10 degrees elevation ; 
ivhich being measured upon the scale «S», will 
be about ±7 A of such parts as the pipe con- 
ta|ni9 100 in length : and, therefore, the force 
or pressure of the water at A^ in the pipe A 10, 
will be to the force or pressure at A in the 
pipe ABy as 17*4^ to 100. 

Let the same pipe be elevated to 20 degrees 
in the quadrant, and if it be kept full of water, 
part of that water will run into the pipe AB, 
imd rise therein to the height Ak, which is 
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equal to the length of the upright line b 20, or 
to the sine of SO degrees elevation ; Avhich be- 
ing measured upon the scale S^ will be 34<.S of 
such parts as the part contains 100 in length. 
And^ therefore^ the pressure of the water at ^f 
, in the full pipe Jl SO, will be to its pressuj^, if 
that pipe were raised to the perpendicular si* 
tuation AB, as M.2 to 100. 

Elevate the pipe to the position .i 30 on the 
quadrant, and if it be supplied with water^ the 
water will rise from it, into the pipe Jlhy to the 
height Jilf or to the same level with the mouth 
of the pipe at 30* The sine of this elevation^ 
or of the angle of 30 degrees, is e 30 ; which 
is just equal to half the length of the pipe^ or 
to 50 of such parts of the scale, as the length 
of the pipe contains 100. Therefore, the pres- 
sure of the water at Jiy in a pipe elevated 80 
degrees above the horizontal level, will be 
equal to one half of what it M'ould be^ if the 
same pipe stood upright in the situation JiB. 

And thus, by elevating the pipe to 40, 50, 60, 
70, and 80 degrees on the quadrant, the sines 
of these elevations will be d 40, e 50 f 60, 
g 70, and h 80 ; which will be equal to the 
heights Jlm^ Jlriy JlOf Jlp^ and ti^.« and these 
heights measured upon the scale S will be 
64.3, 76.6, 86.6, 94.0, and 98.5; which ex- 
press the pressures at JL in all these elevations, 
considering the pressure in the upright pipe 
•IB, as 100. 
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# 


SIK£ OF 


PARTS. 


snr £ or 


PARTS. 


SIKE OV 


PARTS. 


D.l 


17 


D.31 


515 


D.61 


875 


'S 


35 


3S 


530 


6S 


883 


3 


82 


33 


545 


63 


891 


4. 


70 


34 


559 


64 


899 


5 


87 


35 


573 


65 


906 


6 


104 


36 


588 


66 


913 


7 


12S 


37 


603 


67 


9S0 


8 


139 


38 


616 


68 


9S7 


9 


156 


39 


6sg 


69 


934 


10 


174 


40 


643 


70 


940 


11 


191 


M 


656 


71 


945 


IS 


SOS 


4S 


669 


7S 


951 


13 


SS5 


43 


68S 


73 


956 


14 


S4S 


44i 


695 


74 


961 


15 


S59 


45 


707 


75 


966 


16 


S76 


46 


719 


76 


970 


17 


S9S 


47 


731 


77 


974 


18 


309 


48 


743 


78 


978 


19 


3S5 


49 


755 


79 


98S 


20 


34S 


50 


766 


80 


985 


SI 


358 


51 


777 


81 


988 


ss 


375 


5S 


788 


8S 


990 


S3 


391 


53 


799 


83 


99S 


84 


407 


54 


809 


m 


994 


S9 


4S3 


55 


819 


85 


996 


S6 


438 


06 


8S9 


86 


997 


S7 


454 


57 


839 


87 


998 


S8 


469 


58 




88 


999 


S9 


485 


59 


857 


89 


1000 


. 30 


500 


60 


866 


90 


1000 
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Because it may be of use to have the lengths 
of all the sines of a quadrant from degrees 
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to 90, we have given the foregoing table, show- 
ing the length of the sine of every degree m 
such parts as the whole pipe (equal to the ra- 
dius of the quadrant) contains 1000. Then 
the sines will be integral or whole parts in 
length. But if you suppose the length of the 
pipe to be divided only into 100 equal parts, 
the last figure of each part or sine must be cut 
off as a decimal ; and then those which remain 
at the left hand of this separation will be inte- 
gral or whole parts. 

Thus, if the radius of the quadrant (sup- 
posed to be equal to the length of the pipe •AC J 
be divided into 1000 equal parts, and the ele- 
vation be 45 degrees, the sine of that eleva^ 
tion will be equal to 707 of these parts ; but if 
the radius be divided only into 100 equal parts, 
the same sine will be only 70.7 or TOtt ^ 
these parts. For, as 1000 is to 707^ so is 100 

to 70.7. 

As it is of great importance to all engine- 
makers, to know what quantity and weight of 
water will be contained in an upright round 
pipe of a given diameter and height ; so as bj 
knowing what weight is to be raised, they may 
proportion their engines to the force which 
they can afford to work them, we shall subjoin 
tables showing the number of cubic inches <tf 
water contained in an upright pipe of a round 
bore, of any diameter from one inch to six and 
a half; and of any height from one foot to two 
hundred : together with the weight of the said 
number of cubic inches, both in troy and avoir- 
dupois ounces. The number of cubic inches 
divided by 331, will reduce the water to gal- 
lons in wine measure ; and divided by S8S, will 
reduce it to the measure of ale gallons. Also, 
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the troy ounces divided by 12, will reduce the 
weight to troy pounds : and the avoirdupois 
ounces divided by 16, will reduce the weight 
to avoirdupois pounds.^ 

And here I must repeat it again, that the 
weight or pressure of the water acting against 
the power that works the engine, must always 
be estimated according to the perpendicular 
height to which it is to be raised, without any 
regard to the length of the conduct-pipe, when 
it has an oblique position ; and as if the dia- 
meter of that pipe were just equal to the dia- 
meter of that part of the pump in which the 
piston works. Thus, by the following tables, 
the pressure of the water, against an engine 
whose pump is of a 4^ inch bore, and the per- 
pendicular height of the water in the conduct- 
pipe is 80 feet, will be equal to 8057-7 troy 
ounces, and to 8848.S avoirdupois ounces; 
which makes 671.4 troy pounds, and 55S 
avoirdupois. 

For any bore whose diameter exceeds 64 
inches, multiply the numbers on the following 
page, against any height (belonging to 1 inch 

* The contents of pipes of any size may be measured by the 
following short and easy method. — Square the diameter of the 
pipe in inches, and the product will be the number of pounds of 
water^ averdupois, contained in every yard's length of the pipe. 
If the last figure of this product be cut oflT, or considered as a 
decimal, the remaining figures wiU give the number of ale-gal- 
lons in a yard's length of the pipe ; and if the product consist on- 
ly of one figure, this figure will be tenths of an ale-gallon. The 
number of ale-gallons divided by 282, will give the number of 
cubic inches in every three feet of the pipe ; and the contents of 
jL.pipe of a greater or less length may be found by proportion. — 
£. Ed. 
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diameter) by the square of the diameter of the 
given bore^ and the products will be the num- 
ber of cubic inches^ troy ounces^ and avoirdu- 
pois ounces of water, that tlie given bore will 
contain. 
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Hi/droataUcal Tables. 



1 IXCU DIAM£TEB. 



Feel 


Qimntit; 


Weight 


in avoir- 


liigh 


in cubic 


io troy 


dupois 




iiiclies. 


ounces 


ounces. 


1 


9.42 


4.97 


3.64 


3 


18.S5 


9.9.1 


10.93 


3 


28.87 


14.93 


16.38 


4 


37.70 


19.89 


31.85 


S 


47.13 


34.87 


87.31 


6 


S0.S5 


39.81 


33.77 


7 


m.ar 


34.83 


38.33 


8 


75.40 


39.79 


43.69 


9 


8-1.82 


44.76 


49.16 


10 


94.33 


19.74 


34.63. 


30 


188.49 


99.48 


109.34 


30 


383.74 


149.31 


163.86 


10 


376.99 


198.95 


318.47 


50 


471.34 


348.69 


373.09 


60 


563.49 


398.43 


337.71 


70 


659.73 


348.17 


383.33 


80 


733.98 


397.90 


436.99 


90 


818.33 


417.64 


491.57 


100 


943.4S 


497.38 


546.19 


800 


1884.96 


994.76 


1Q93.38 



EsAHTLi. — Reguired, t!ie number ofcvbk inches, and the iiieifflit qf 

theieulfr, in an tiprighl pipe 273 feet high, attdliincAdiamttir? 



Here the neftre»t sing-le deci- 
mal figure i only taken into the 
account and the whole being 
reduced byiiivlsion,amount3to 
35} wine gallons, in measure; 
to ' 249i pounds trny, and to 
313j llpinds avoirdupois. 
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1>- INCH DIAMETEK. 


Feet 


(Quantity 


Weight 


In avoiv- 


ll1D*rl 


in cubic 


in troy 


dupoisi 


lUgO. 


inches. 


ounces. 


ounces. 


1 


21.21 


11.19 


12.29 


S 


42.41 


22..38 


^.58 


3 


63.62 


33.57 


36.87 


4 


8-i.82 


44.76 


49.16 


Si 


106.03 


55.95 


61.45 


6 


127.23 


67.15 


73.73 


7 


147.44 


78.34 


86.02 


8 


169.65 


89.53 


98.31 


9 


190.85 


100.72 


110.60 


10 


212.06 


111.91 


122.89 


20 


424.12 


223.12 


245.78 


30 


636.17 


336.73 


368.68 


40 


848.23 


417.64 


491.57 


50 


1060.29 


559.55 


614.46 


60 


1272.35 
1484.40 


671.46 
783.37 


737.35 


70 


860.24< 


80 


1696.46 


895.28 


983.14 


90 


1908.52 


1007.19 


1106.03 


100 


2120.58 


1119.10 


1228.9S 


SOO 


4241.15 


2238.20 


2457.84 



These tables were at first calculated to six 
decimal places for the sake of exactness : but, 
in transcribing them^ there are no more than 
two decimal figures taken into the account, and 
sometimes but one ; because there is no ueces- 
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2 INCHES DIAMETER. 



Feet 
high. 


Quantity 
in cubic 
inches. 


Weight 
in troy 
ounces. 


In avoir, 
dupois 
ounces. 


1 
2 
3 
4 

5 


37.70 

75.40 

113.10 

150.80 

188.50 


19.89 
39.79 
59.68 
79.58 

99.47 


21.85 

43.69 
65.54 

87.39 
109.24 


6 

7 
8 

9 
10 


Sg6.19 
263.89 
301.59 
339.29 
276.99 


119.37 
139.26 
159.16 
179.06 
198.95 


131.08 
152.93 

174.78 
196.53 
218.47 


20 
30 
40 
50 
60 


753.98 

1130.97 
1507.97 
1884.96 

2261.95 


397.90 
596.85 
795.80 
994.75 
1193.70 


436.9r) 

655.42 

873.90 

1092.37 

1310.85 


70 

80 

90 

100 

aoo 


2638.94 
3015.93 
3392.92 
3769.91 
7539.82 


1392.65 
1591.60 
1790.56 
1989.51 
3979.00 


1529.32 
I747.8O 

1966.27 
2184.75 
4369.50 



sity for computing; to hundredth parts of an 
inch or of an ounce in practice. And as they 
have never appeared in print before, it may not 
be amiss to give the reader an account of the 
principles upon which they were constructed. 
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S4 INCHES DIAMETER. 



¥ 



Feet 
high. 


Quantity 


Weight 


In avoir. 


in cubic 
inches. 


in troy 
ounces. 


dupois 
ounces. 


1 


dS.90 


31.08 


34.14 


S 


117.81 


62.17 


68.27 


3 


170.71 


93.26 


102.41 


4 


S35.62 


124.34 


136.55 


5 


294.52 


155.43 


170.38 


6 


353.43 


186.52 


201.82 


7 


412.33 


217.60 


238.96 


8 


471.24 


248.69 


273.09 


9 


530.14 


279.77 


307.23 


10 


589.05 


310.86 


341.37 


SO 


1178.10 


621.72 


682.73 


30 


1767.15 


932.58 


1024.10 


40 


2356.20 


1243.44 


1365.47 


SO 


2545.25 


1554.30 


1708.83 


60 


3534.29 


1865.16 


2048.20 


70 


4123.34 


2176.02 


2389.57 


80 


4712.39 


2486.88 


2730.94. 


90 


5301.44 


2797.74 


3072.30 


100 


5890.49 


3108.60 


2413.67 


SOO 


11780.981 


6217.20 


4827.3* 



The solidity of cylinders are found by nniL 
tiplying the areas of their bases by their alti- 
tudes. And Archimedes gives the foUowi] ^ 
proportion for finding the area of a circle, aiii 
the solidity of a cylinder raised upon timt cir- 
cle; 
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3 INCHES DIAMETER. 



Feet 


Quantity. Weight 


Tn avoir- 


high. 


in cubic 
inches. 


in troy 
ounces. 


dupois 
ounces. 


1 


84.8 


44.76 


49.16 


2 


169.6 


89.53 


98.31 


3 


354.S 


134.29 


147.47 


4 


339.3 


179.06 


196.63 


5 


424.1 


223.82 


245.78 


6 


508.9 


268.58 


294.94 


7 


593.7 


313.35 


344.10 


8 


698.6 


358.11 


393.25 


9 


763.4 


402.87 


412.41 


10 


848.2 


417.64 


491.57 


20 


1696.0 


895.28 


983.14 


30 


2541.7 


1342.92 


14^4.70 


40 


3392.9 


1790.56 


1966.27 


60 


4S41.1 


2238.19 


2157.84 


60 


5089.4 


2685.83 


2949.41 


70 


5937.6 


3133.47 


3440.98 


80 


6785.8 


3581.11 


3932.55 


90 


, 7634.1 


4028.75 


4424.12 


100 


8482.3 


4476.39 


4915.68 


800, 


, 16964.6 


8952.78 


9831.36 



As 1 is to 0.789309^ so is the square of the 
diameter to the area of tlie circle. And as 1 
is to 0.789399^ so is the square of the diameter 
multiplied by the height to the solidity of the 
cylinder. By this an.ilo^y the solid inches 
and parts of an inch in tue tables are calculated 
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3^- INCHES DIAMETEB. 



Feet' 
bighJ 



1 

& 
3 
4 
5 



6 

7 

8 

9 
10 



SO 
30 
40 
50 
60 



70 

80 

90 

lOOi 

sooj 



C^aantity 
in cubic 
inches. 



115.4 
S30.9 
346.4 
461.8 

577-3 



692.7 
808.3 
923.6 

1039.1 
1154.5 



Weight 
in troy 
ounces. 



60.9 
1S1.8 
182.8 
243.7 
304.6 



In avoir- 
dupois 
ounces. 

66^ 
133.8 

200.7 
267.6 

334.5 



2309.1 
3463.6 
4618.1 

5772.7 
6927.2 



8081.8 

9236.3 

10390.8 

11545.4 

23090.71 



365.6 
426.5 
487.4 
548.4 
609.3 



1218.6 

I827.9 
2437.1 

3046.4 
3655.7 



4265.0 
4874.3 
5483.6 

6092.9 
12185.7 



401.4 
468.4 
535.3 
602.3 
669.1 



1338.S 

2007.» 
2676.3 
3345.4 
4014.5 



4683.6 
5352.6 
6021.7 
6690.8 
13381.5 



to a cylinder 200 feet high; of any diameter 
from 1 inch to 6^, and may be continued at 
pleasure. 

And as to the weight of a cubic foot of run- 
ning water, it has been often found upon trial} 
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4 IKCHES BIAMETBlt. 



» 
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Feet 
higb. 



Q,aanti^ 

. in cubic 

inches. 



8 
4 

5 



6 

7 
8 

9 
10 



SO 
80 
40 






70 

80 

90 

100 

sool 



Wei^t 
in troy 
ounces^ 



100.8 
301.6 
45S.4 
603.S 
784.0 



In avoir^ 
dapoia 
ounces. 



■kdU 



79.6 
109.8 
S88.7 
318.3 

397.9 



■Ma 



1000.0 

1806.4 

1807.8 
1008.0 



iMUa 



87.4) 
174.8 
868.8 
849.6 
436.9 



3110.9 
4083.9 
6031.9 
7039.8 
9047.8 



10000.8 

18063.7 

13071.7 

10079.7 
30109.3 



4I77A 
0S7.i 
686.6 
716.8 
790.8 



1091<6 
8387.4 
3183.8 
3997.0 

4774.8 



084.3 
611.7 

699.1 
786;0 

873.9 



1747.8 
8681 .7 
3490.6 
4369.0 
0843.4 



5070.6 
6366.4 
7I68.S 
7908.0 
10916.0 



6117.3 
6991.8 
7860.1 
8739^0 
17478.0 



V, 



V. JB^ l)r. Wyberd and others^ ,tor be 76 pounds 
t'''^-Wi^f whieh is equal to 6S.d Jiounds avoirda-^ 
f 'pm/ Therefore^ sine^there are 17S8 enbiciiip 
r nlltSkw in a cubic foot^ ;a Iroy ounce of *irater^'^^ 
g^^4iiK^^ 1;894^ cubic inch ; and an airoiirdu^ w^err 
»- vol:i. Sd ^ 
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44 INCHKS DIAMETER. 



Feet 
high. 



1 
S 
8 
4 
5 



Quantity 
incabic 
inches. 



7 

8 

9 

10 



SO 
30 
40 
SO 
60 



70 

80 

90 

100 

300 



190.8 
381.7 

e7».6 

763.4 
904^ 



1140.1 
1838.0 
10S6.8 

1717.7 
1908.5 



3817.0 
S725.6 
7634.1 
9d4S.6 
11451.1 



13859^6 
15368.S 

17176.7 
19085.S 

38170.4 



wapt 

in troy 
ounees.t 



In avoir- 
dupoig 
ounces. 



100.7 
SOI .4 

808.2 

40S.9 
603.6 



604.3 
5^05.0 

805.7 

906.5 

1007.81 



2014.4 
3081.6 

4088.7 
5035.9 
6043.1 



7OSO.3 

8O57.6 

9064.7 

10071.9 

S0143.8 



110.6 
881.8 
381.8 
448.4 
553.0 



663.6 

774.8 

StSUL ft 
O0V.O 

995.4» 
1106.0 



8818.1 
3818.1 
4484.1 
5530.1 
66^.8 



774!S.8 

fifi4A 9. 

9954.3 
11060.3 
S31S0.6 



pois ounee of water 1.7^556 cubic inch.^ Oon- 
sequently^ if the number of cubit inches^ 6CHi«- 

* It appears from the accurate experiments of Mr. Bvcnfdi 
balaace-nuker to the Exchequer* that a troy-ounce of nalMr«ter« 
or distilled water, at the temperature of 5^ degrees of Falirei* 
heity' contains 1.8959 cubical mch.^—E. Ed. 
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9 INCHES DlilltETER. 


Feet 


Quantity 


Weight 


In avoir- 


high. 


in cubic 


in troy 


duppis 


inches. 


ounces. 


ounces. 


i 


S35.6 


184.3 


136.5 


S 


471.8 


S48.7 


873.1 


8 


706.6 


. 373.0 


409.6 


4 


948.5 


497.4 


546.8 


6 


1178.1 


68I.7 


683.7 


6 


1413.7 


746.1 


819.8 


7 


1649.3 


870.4 


955.8 


8 


1885.0 


994.8 


1098.4 


9 


.S120.6 


1119.1 


1888.9 


10 


8356.8 


1843.4 


1365.5 


30 


4718.4 


8486.9 


8730.9 


30 


7068.6 


8730.3 


4096.4 


40 


9484.8 


4973.8 


5461.9 


dO 


11780.0 


6SI7.8 


6887.3 


60 


14187.8 


7460,6 


8198.8 


70 


16493.4 


8704.1 


9558.lt 


80 


18849.6 


9947.5! 10983.7 


90 


81805.8 


11191.0 


18889.8 


100 


83568.0 


18434.4 


13654.7 


goo 


47184.0 


84868.8 


87309.3 



talned in any given cylinder, be divided by 
i.8949, it will give the weight in troy onnces ; 
and divided by 1.725S6, will give the weight 
in avoirdupois ounces. By this method, the 
weights shown in the tables were calculated | 
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0^ INCHES DIAMETER. 



Weight 
in troy 
ounces. 



In avoir- 
dupoifii 
ounces. 



Feet 
high. 



Quantity 
m cubic 
inches. 



1 

i8 

8 

t 



7 

8 

9 

10 



289.1 

570.2 

800.3 

1140.4 

^429.0 



1710.6 

1990.7 
2280.8 

2060.9 
2801.0 



100.0 

300.9 
4i01.4< 
601.8 
702.3 



60 



0702.2 

8003.0 

11404.0 

14)200.0 

17106.0 




19907.0 
22808.0 
20609.0 
28010.0 
07020.0 



902.7 
1003.2 
1203.6 
1304.1 
1004.6 



164.3 
328.0 

492.8 

607.1 

821,3 

980jS 

1149.9 

1314.2 

1478.'4 

1648.7 



3009.1 
4013.7 
6018.2 

7022.8 
9 027.4 

10031.9 
12036.0 
13041.1 
10040.6 
30091.2 



3280.4 
4928.1 
6070.8 
8213.5 
9 806.8 

11498.9. 

13141.6 

14781.3 

16426.9 

32803.9 



The/r». 



and are near enough for any common prac* 
tice. 

The fire-engine comes next in order to be 
explained; but as it would be difficulty ^vQii 
by the best plates^ to give a particular descrij^ 
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6 mCHES DIAMETER. 



Feet 



Quantity 
in dubic 
inches. 



WSgEt 

in troy 
ounces. 



In avoir- 
dupoig 
ounces. 



1 
S 
3 
4 
5 



339.3 

678.8 

1017.9 

13S7.S 
1696J( 



179.1 
398.1 

ff37.S 
716.8 
895.3 



190 
893.3 

089.9 
786.5 
983.1 



6 

7 
8 

9 
10 



S035.7 
S375.0 
3714.3 
3053.6 
3393.9 



1074.3 
1853.4 
1438.4 
1611.5 
1790.6 



1179.8 
1376.4) 
1573.0 
1769.6 
1966.3 



SO 




50 
60 



6785.8 
10178.8 

13571.7 
16964^.6 

80357.5 



3581.1 

5371.7 

7168.8 

8953.8 

10743.3 



3938.5 

5898.8 

7865.1 

. 9831.4 

11797.6 



80 

90 

100 

800 



83750.5 

9^14)3.7 
30536.3 
33989.3 
67858.4! 



18533.9 
14!384'.4 
16115.0 
17905.6 
3581 1J3 



13763.9 
15730.8 
17696.5 

19668.7 
39335.4 



tion of its several parts^ so as to make the 
whole intelligible^ I shall only explain the 
prineiples upon which it is constructed,^ 

* For a description aod drawing of the /re«en^« or ^am-en* 
jginBt a»it is now, with more proprie^ c^Uedy see AppendiX| Vol. 
2.^E. fix?. 



m ■■ .• 



ri 



f-':: 



7- 



■ ». • 






104 



Bydroistatical Tables. 



64 INCHES DIAMETER. 



p ■ 



Feet 
high. 



1 

3 
4 



6 

7 

8 

9 

10 



(Quantity 
in cubic 
inches. 



398.3 

797.4 
1199.6 
1093.8 
1991.9 



SO 
30 
40 
60 
60 



70 

80 

90 

100 

300 



S390.1 
«788.3 
8186.5 
8084.7 
3983.9 



796S.8 
11948.8 
15931.7 
19914.6 

338979 



37880.5 
31863.4 
35746.3 
39839.3 
79658.6 



Weight 
in troy 
ounces. 



310.1 
430.3 
630.4 
840.6 
1050.8 



1360.9 
1471.1 
1681,3 
1891.3 
3101.5 



4303.9 

6304.4 

8405.9 
10507.4 

13608.9 



14710.4 
16811.8 
18913.3 
31014.8 
4J3039.6 



In' avoir, 
dupoifl 
ounces. 



330.7 
461.4 
693.1 
933.8 
1153.6 



1384.3 
1615.0 

1845.7 
3076.4 
3307.1 



4614.3 

6931.4 

9338.6 

11535.7 

1 3848.9 

16150LO 

18457.3 
30764.3 
33071.5 
46143.0 



1. Whatever weight of water is to be nusedly 
the pump-rod must be loaded with weights suf- 
ficient for that purpose, if it be done by a forcr 
ing pump, as is generally the case : and the 
power of the engine must be sufficient for flie 
weight of the rod, in order to bring it up. 
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Of Hydraulic tlngineB. lfi( 

2. It is known^ that the atmosphere presses 
upon the surface of the earth with a force equal 
to 15 pounds upon every square inch. 

3. When water is heated to a certain deg^e^ 
the particles thereof repel one anoiher^ and 
constitute an elastic fluid^ which is generally 
called steam or vapour. 

4. Hot steam is very elastic ; and when it is 
eooled by any means^ particularly by its being 
mixed with cold water, its elasticity is destroy- 
ed immediately, and it is again reduced to wa- 
ter. 

5. If a vessel be filled with hot steam, and 
then closed, so as to keep out the external air^ ^ 
and all other fluids ; when that steam is by any 
means condensed, cooled, or reduced tdwiter^ 
that water will fall to the bottom of the vessel ; 
and the cavity of the vessel will be almost a 
perfect vacuum. 

6. Whenever a vacuum is made in any vessel, 
the air by its weight will endeavour to rush into 
the vessel, or to drive in any other body that 
will give way to its pressure : as may be easily 
seen by a common syringe. For, if you stop 
the bottom of a syringe, and then draw up the 
piston, if it be so tight as to drive out all the 
air before it, and leave a vacuum within the 
syringe, the piston being let go, will be driven 
down with a great force. 

7. The force with which the piston is driven 
down, when there is a vacuum under it, will be 
as the square of the diameter of the bore in the 
syringe : that is to say, it will be driven down 
with four times as much force in a syringe of a 
two-inch bore, as in a syringe of one inch ; for 
the areas of circles are always as the squares of 
tibeir diameters! 
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160 Of Hydraulic Engines^ 

8., The pressure of the atmosphere being 
equal to Id pounds upon a square inch, it 
will be almost equal to IS pounds upon a eir-' 
eular inch. So that if the bore of the syringe 
be round, and one inch in diameter, the piston ' 
will be pressed down into it by a force nearly,, 
equal to IS pounds ; but if the bore be two 
inches diameter, the piston will be pressed down 
with four times that force. 

And hence it is easy to find with what force 
the atmosj)here presses upon any given number 
either of square or circular inches. 

These being the principles upon which this ; 
engine is constructed, we shall next describe 
the chief working parts of it, which arfi, 1. A 
boKfer f S. A cylinder and piston ; 3. A beam 
or lever. 

The boiler is a large vessel made of iron or 
copper; and commonly so big as to contain^ 
about SOOO gallons. 

The cylinder is about 40 inches diameter^ 
bored so smooth, and its leathered piston fitting 
so close, that little or no water can get between 
the piston and sides of the cylinder. 

Things being thus prepared, the cylinder is 
. placed upright, and the shank of the piston is 
fixed to one end of the beam^ which turns on a 
centre like a common balance. 

The boiler is placed under the cylinder^ 
with a communication between them, which 
can be opened and shut occasionally. 

The boiler is filled about half full of water, 
and a strong fire is placed under it : then, if the 
communication between the boiler and the cy- 
Under be opened, the cylinder will be filled mth 
hot steam ; which would drive the piston quita 
out at the top of it. But there Is a contrivance 
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• 
by which the beam^ when the piston is near the 
top of the cylinder^ shuts the commonication at 
the top of the boiler within. 

This is no sooner shut, than another is .open- 
ed, by which a little cold water is thrown up- 
ward in a jet into the cylinder, which, mixing 
with the hot steam, condenses it immediately ; 
by which means a vacuum is made in the cylin- 
der, and the piston is pressed down by the 
weight of the atmosphere ; and so lifts up the 
loaded pump-rod at the other end of the beam^ 

If the cylinder be 4& inches in diameter, the 
piston will be pressed down with a force great- 
er than S0,000 pounds, and will consequently 
lift up that weight at the opposite end of the 
beam ; and as the pump-rod with its plunger 
is fixed to that end, if the bore where the plun- 
ger works were 10 inches diameter, the water 
would be forced up through a pipe of 180 yards 
perpendicular height. 

But, as the parts of this engine have a good 
deal of friction, and must work with a consider- 
able velocity, and as there is no such thing as 
making a perfect vacuum in the cylinder, it is 
found that no more than 8 pounds of pressure 
must be allowed for, on every superficial inch 
of the piston in the cylinder, that it may make 
about 16 strokes in a minute, of about 6 feet 
each. 

Where the boiler is very large,0|the piston 
will make between SO and 25 strokes in a mi- 
nute, and each stroke 7 or 8 feet ; which, in % 
pump of 9 inches bore, will raise upward of 
'300 hogsheads of water in an hour. 

It is found by experience that a cylinder, 40 
inches diameter, will work a pump 10 inches 
diameter, and 100 yards long ; and hence we 

VOL. I. S E 



108 Of U^drauUc Engines. 

ean find the diameter^ and length of a pump^ 
tlmt ean be worked by any other cylinder.* 

For the convenience of those who would 
mak& use of this engine for raising water^ we 
shall subjoin part of a table calculated by Mr. 
Beighton^ showing how any given quantity of 
water may be raised in an hour^ from 48 to 400 
hogsheads^ at any given depths from 15 to 100 
yards ; the machine working at the rate of 16 
strokes per minute^ and each stroke being 6 
feet long. 

One example of the use of this table will 
make the whole plain. Suppose it were required 
to draw 100 hogsheads per hour, at 90 yards 
depth: in the second column from the right 
hand, I find the nearest number, viz. 149 hogs- 
heads 40 gallons, against which, on the right 
hand, I find the diameter of the bore of the pump 
must be 7 inches ; and in the same coUatend 
line, under the given depth 90, I find 27 inches, 
the diameter of the cylinder fit for that pur- 
pose. — And so for any other. 

* Since the invention of the above, commonly termed the atmos* 
phei*ic steam-engine, sundry improvements have been made, par- 
ticularly by Buulton and Watts of Birmingham. In their engine 
the atmosphere docs not act on the piston at all, this being rais- 
ed and depressed, alternately, by the steam alone : and the con- 
densation takes place, not in the cylinder itself, but in a separate 
vessel, to which the steam is conveyed from the cylinder. 

In others, as in one for which Oliver Kvans of Philadelphia has 
obtained a patent, the steam is not condensed at all ; but, m a 
highly rarefied state^ is suffered to escape into t,he open air, or 
into a vessel of water which It heats for the purpose of supplying 
Uie boiler, or for other purposes. — A. Ed. 
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fyo ^ Of Hydraulic Engines. 

Plats Watef may be raised by means of a stream 
The'pfeni.*^ tumitig a wheel CDE^ according to the 
an wheel, order of the letters^ with buckets a, a^ a^ a^ &c. 
hung upon the wheel by strong pins b, b^ by b^ 
&c. fixed in the side of the rim : but the wheel 
must be made as high as the water is intended 
to be raised above the level of that part of the 
stream in which the wheel is placed. As the 
wheel turns^ the buckets on the right hand go 
down into the water^ and are filled therewitt^ 
and go up full on the left hand^ until they 
come to the top at K; where they s^ke against 
tlie end n of the fixed trough My and are there- 
by overset^ and empty the water into the tropigh ; 
from which it may be conveyed in pipes to the 
place which it is designed for : and as each 
bucket gets over the trough^ it falls into a per- 
pendicular position again^ and goes down emp- 
ty^ until it comes to the water at Jly where it is 
filled as before. On each bucket is a spring r, 
which goes over the top or crown of the bar m 
(fixed to the trough MJ raises the bottom of 
the bucket above the level of its mouthy and 
60 causes it to empty all its water into the 
trough. 

Sometimes this wheel is made to raise water 
no higher than its axle ; and then^ instead of 
buckets hung upon it, its spokes Cji^eyfygyhy 
ai*c made of a bent form, and hollow witMn; 
these hollows opening into the holes C, Dy JB, Fy 
in the oui.side of the wheel, and also into those 
at O in the box A* upon the axle. So that, as 
the holes C, IK &:e. dip into the water, it runs 
into them ; and as the wheel turns^ the watisr 
rises in the hollow spokes, r. <f, &c. and mns 
out in a stream P from the holes at O, and fidls 









Of the specific gravities of bodies. I7I 

into the trough Q^ from whence it is conveyed 
by pipes. This is a very easy way of raising 
' water^ because the engine requires no animal 
power to turn it.* 



Of the Specific Gravities of Bodies. 

The art of weighing different bodies in wa- 
ter^ and thereby finding their specific gravities^ 
or weights, bulk for bulk^ was invented by 
Archimedes ; of which we have the following 
account : — 

Hiero, king of Syracuse, having employed 
a goldsmith to make a crown, and given him a 
mass of pure gold for that purpose, suspected 
that the workman had kept back part of the 
gold for his own use, and made up the weight 
by allaying the crown with copper. But the 
king, not knowing how to find out the truth of 
that matter, referred it to Archimedes ; who 
having studied a long time in vain, found it 
but at last by chance. For, going hito a bath- 

* Those who are anxious to be further acquainted with the 
construction of hydraulic engines, may consult Fubre sur les JMa- 
chines IfydrmdiqueSy Paris 1783« which contains a complete view 
of the theory and construction of water-mills. A description and 
engraying of the Zurich machine, invented by Wirtz, atinplate- 
worker at Zurich, may be seen in Bailey's Designs of Machines » 
•pproyed and adopted by the Society of Arts, vol. 1, p. 151. This 
en^ne acts on a principle different from all other hydraulic ma- 
chines ; and its tiieory has exercised the ingenuity of the most 
■disting^uished philosophers. An ingenious hydraulic machine for 
raising water, invented by Mr. W. Westgarth, has been recom- 
mended by the celebrated Mr. Smeaton, who calls it ' the great- 
eat stroke of art in the hydraulic way that has appeared since the 
invention of the steam-engine.' An account of it will be found in 
HaUey's Designs, &c. vol. 1. p. 192 ; and vol. 2. p. 25. A very in- 
genious machine for raising water, by means of a centrifugal 
nuve, (forabined with the pressure of the atmosphere, has been 
invented by Mr. Erskine ; and is described in the English Ency- 
clopedia, article Centrifugal Machinc-^Yi. Ed. 
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ing tub of water^ and observing that he there- 
by raised the water higher in the tub than it 
was before^ he concluded instantly that he had ^ 
raised it just as high as any thing else could 
have done, that was exactly of his bulk : and 
considering that any other body of equal weighty 
and of less bulk than himself^ could not have 
raised the water so high as he did ; he imme- 
diately told the king^ that he had found a me- 
thod by which he could discover whether there 
were any cheat in the crown. For^ since gold 
is the heaviest of all known metals^ it must be 
of less bulk^ according to its weighty than any 
other metal. And therefore he desired that a 
mass of pure gold^ equally heavy with the 
crown, when weighed in air, should be weighed 
against it in water ; and if the crown was not 
allayed, it would counterpoise the mass of gol4 
when they were both immersed in water^ as 
well as it did >vhen they were weighed in air. 
But upon making the trial, he found that the 
mass of gold weighed much heavier in water 
than the crown did. And not only so, but 
that, when the mass and crown were immersed 
separately in one vessel of water, the crown 
raised the water much higher than the mass • 
did ; which showed it to be allayed with some 
lighter metal that increased its bulk. And so^ 
by making trials Mith different metals, all 
equally heavy with the crown when weighed 
in air, he found out the quantity of alloy in tho 
crown. * 

The specific gravities of bodies are as their 
weights, bulk for bulk ; thus a body is said to 
have two or three times the specific gravity of 
another, when it contains two or three times 
much matter in the same space. • 
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A body immersed in a fluid will sink to the 
bottom^ if it be heavier than its bulk of the 
fluid. If it be suspended therein^ it will lose 
as much of what it weighed in air, as its bulk 
of the fluid weighs. Hence, all bodies of equal 
bulks, which would sink in fluids, lose equal 
weights when suspended therein. And unequal 
bodies lose in proportion to their bulks. 

The hydrostatic balance differs very little t^^.^**- 
from a common balance that is nicely made : ^^^. 
only it has a hook at the bottom of each scale, 
on which small weights may be hung by horse- 
hairs, or by silk threads. So that a body, sus- 
pended by the hair or thread, may be immersed 
in water without wetting the scale from which 
it hangs. 

If the body thus suspended under the scale, How to 
nt one end of the balance, be first counterpois- ^^^^l 
cd in air by weights in the opposite scale, and gravity of 
then immersed into water, the equilibrium will *"^ ******5^- 
be immediately destroyed. Then, if as much 
weight be put into the scale from which the 
body hangs, as will restore the equilibrium, 
(without altering the weights in the opposite 
scale) that weight, whicli restores the equili- 
brium, will be equal to the weight of a quan- 
tity of water as big as the immersed body. — 
And if the weight of the body in air be divided 
by what it loses in water, the quotient will show 
how many times that body is heavier than its 
bulk of water. Thus, if a guinea suspended in 
air, be counterbalanced by 1S9 grains in the 
opposite scale of the balance ; and then, upon 
its being immersed in water, it becomes so much 
lighter, as to require 7? grains put>« into the 
scale over it, to restore the equilibrium, it 
shows that a quantity of water, of equal bulk 
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with the guinea^ weighs 7^ grains, or 7-25 ; by 
which divide 130^ (the weight of the guinea in 
air, and the quotient will be 17-793; whieh 
shows that the guinea is 17-793 times as heavy 
as its bulk of water.* And thus, any piece ii 
gold may be tried by weighing it first in air, 
and then in water ; and if^ upon dividing the 
weight in air by the loss in water, the quotient • 
comes out to be 17-793, the gold is good ; if 
Aie quotient be 18, or between 18 and 19, the 
gold is very fine ; but if it be less than 17^ the 
gold is too much allayed, by being mixed with 
some lighter metal. 

If silver be tried in this manner, and found 
to be 11 times as heavy as water, it is veiy 
fine; if it be 10- times as heavy, it is standard; 
but if it be of any less weight compared with 
water, it is mixed with some lighter metal, such ' 
as tin. 

By this method, the specific gravities of all 
bodies that will sink in water, may be found. 
But as to those wliich are lighter than water, 
as most sorts of wood are, the following me- 
thod may be taken, to show how much lighter 
they are than their respective bulks of water. 

Let an upright stud be fixed into a tliiek fli^ 
piece of brass, and in this stud let a small lever, 
whose arms are equally long, turn upon A fine 
pin as an axis. Let the thread which hangs 
from the scale of the balance be tied to one end 
of the lever, and a thread from the body to be ' 
weighed, tied to the other end. This 
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* Since a quantity of water equal in bulk to a guinea ; weigbi 
7J grains, while a guinea weighs 129 grains, the specific grayitie* 
of ihese bodios must be in the ratio of 7i to 129. But TiiiSl^ 
=1 : 17.793. The answer, or fourth term of this analogy, is there* 
fore found by dividing the product of the second andtbird tenDA 
by the first; or by dividing 129 by 7^.— E. Ed. 
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put the brass and lever into a vessel, then pour 
water into the vessel, and the body will rise 
and float upon it, and draw down the end of 
the balance from which it hangs ; then, put as 
much M eight in the opposite scale as will raise 
that end of the balance, so as to pull the body 
down into the water by means of the lever ; 
and this weight in the scale will show how 
much the body is lighter than its bulk of wa- 
ter. 

ITiere are some things which cannot b& 
weighed in this manner, such as quicksilver, 
fragments of diamonds, &c. because they can- 
not be suspended in threads ; and must there- 
fore be put into a glass-bucket, hanging by a 
fliread from the hook of one scale, and coun- 
terpoised by weights put into the opposite scale. 
Thus, suppose you want to know the specific 
gravity of quicksilver, with respect to that of 
water ; let the empty bucket be first counter- 
poised in air, and then the quicksilver put into 
it and weighed. Write down tlic weight of the 
bucket, and also that of the .piicksilver, which 
done, empty the bucket, and let it be immersed 
in water as it hangs by the tliread, and counter- 
poised therein by weights in the opposite scale : 
then, pour the quicksilver into the bucket in 
the water, which will cause it to preponderate ; 
and put as much weight into the opposite scale 
as will restore the balance to an equipoise ; 
and this weight will be the weight of a quan- 
tity of water equal in bulk to the quicksilver, 
liastly, divide the weight of the quicksilver iu 
air, by the weight of its bulk of water, and the 
quotient will show how many times the quick- 
silver is heavier than its bulk of water. 
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If a piece of brass, glass, lead, or silver, be 
immersid and suspended in different sorts of 
fluids, the different losses of weight therein 
will show how much it is heavier than its bulk 
of the fluid ; the fluid being lightest in which 
the immersed body loses least of its aerial 
weight. A solid bubble of glass is generally 
used for finding the vspecific gravities of fluids.* 

Hence we have an easy method of finding 
the specific gravities both of solids and fluids, 
with regard to their specific bulks of common 
pump water, which is generally made a stand- 
ard for comparing all others by. 

In c(mstructing tables of specific gravities 
with accuracy, the gravity of water must be 
represented by unity or 1.000, where three ci- 
phers are added, to give room for expressing 
the ratios of other gravities in decimal parts, 
as in the following table. 

•TV*. B. — Although guinea-gold has been ge- 
nerally reckoned 17-798 times as heavy as its 
bulk of water, yet, by many repeated trials, I 
cannot say that I have found it to be more than 
I7.SOO (or 17tI- ) times as heavy. 

* A hydi'omclcr consisting of several small bubbles ofglasSf 
was invented by Professor Wilson of Glasgow, for the purpose of 
measuring' the strength of spirituous liquors. Several of these 
bubbles are put into a quantity of the fluid, some of which will 
sink, some will swim on the top, and others will remain suspend- 
• cd in the fluid. That which neither sinks nor swims, denotes by 
jtu mark the strength of the spirits. — E. Ed. 
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A Table of the Specific Gravities of several 
Solid and Fluid Bodies.* 
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•i cubic inch of 


Troy H'eight. ulvoirdfitpois. 


Compara- 


oz. p\v. gr. 


OZ. drams. 


live 

loci .r lit. 


Very fine gold 


10 7 3.8311 5.80 


19.637 

i8.8n 


Standard-gold 


9 19 e.'tilO 14.90 


Guinea-gold 


9 717.4810 4.76 


17.793 


Moidore-gold 


9 19.84 9 14.71 


17.140 


Quicksilver 


7 7 11.61 


8 1.45 


14.019 


Lead 


5 19 17..^5 


6 9.08 


11.325 


Fine silver 


5 16 23.33 


6 6.66 


11.087 


Standard-silver 


5 11 3.36 


6 1.54 


10.535 


Copper 


4 13 7.04 


5 1.89 


8.843 


Plate brass 


4 4 9.6.0 


4 10.09 


8.000 


Steel 


4 S 20.13 


4 8.70 


7.853 


Iron 


4 15.30 


4 6.77 


7.645 


Blocktin 


3 17 5.68 


4 3.79 


7.331 


Speltar 


3 14 12.86 


4 1.42 


7.065 


Lead ore 


3 11 17.76 3 14.981 


6.800 



• The specific gravities of the following bodies may be inter- 
esting to the reader, and will partly supply the defect in the 
above table. 

Flatina, compressed into a plate by the rollers of a flat- 
ting mill - - 
Zinc - - • - - 
Bismutli in a metallic state - - - 
Cobalt in a metallic state - - . . 
Antimony m a metallic state - . - 
Arsenic fused, according to Muschcnbroek and Bergman 
Arsenic fused, according to Brisson 
Oriental ruby - - - . - 
Oriental topaz . - - - 
Oriental sapphire . . - . 
Hyacinth . - - - 
Jasper - - - - . 
Tourmalin - - - - 
Chalk - - • 
Pumice stone - - r 
Oriental pearls - - - . 
Elastic gum, or India rubber 

IJg^um vita: - - . - 

Water of the Dead Sea . , - 

proof spirii, according to the English exr.ise laws - 

The most con:piete and accurate table of specific gravities 
may be found in .Cavallo's Natural Philosophy, vol. 2, p. 74. or in 
No. 7 of the Appen. to Lavoisier's Chemistry, from which Mr. 
Cavallo's table is chiefly taken.— E. Er, 



22-069 
7.190 
9.760 
7.650 
6.625 
8.310 
5.763 
4.283 
4.011 
3.991 
3.687 
2.500 
3.050 
2.315 
0.914 
2.683 
0.933 
1.333 
1.240 
0.916 
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Glass of aiitiniony 
German aiHiiuuny 
Copiicr ore 
Diamond 
Cluai- glass 

fpis la/Aili 
elsh asbestos 
"White niai'bitt 
Black ntai'lilc 
Koek crystal 
Green glass 
Cornelian btouc 
Flint 

Tlarcl paving stone 
Live sulpliur 
Nitre 
Alabaster 
Dry ivory 
Brimstone 
Alum 
Ebony 
Human blooil 
Amber 
Cow's milk 
Sea-water 
Pump -water 
Spring- water 
Distilled water 
Kcd wine 
Oil of amber 
Vroof-spii'its 
Dry oak 
Olive oil 
Pure spirits 
Spirit of tiirpenline 
Oil of tiu'pentine 
Dry crabtrec 
Sassafras wood 
Cork 



3 15 16.89 


3 0.89 


a.s80 


3 3 4.80 


3 5.04 


*.000 


3 1 11.83 


3 4.43 


3.77s 


1 15 20.88 


1 15.48 


3.400 


1 13 5.58 


1 13.16 


3.150 


1 13 5.27 


1 13.37 


3.054 


1 10 17-57 


I 10.97 


3.913 


1 8 13.+ 1 


1 9.06 


3.707 


1 8 13.(i5 


1 9.03 


2.701 


1 8 1.00 


1 8.61 


3.658 


1 7 15.38 


1 8.26 


2.620 


1 7 1-31 


1 7.73 


3.568 


1 6 19.63 


1 7.53 


2.94S 


1 5 22.87 


1 6.77 


3.460 


1 1 2.40 


1 2.52 


2.000 


1 1.08 


1 1.59 


i.goo 


19 18.74 


1 1..33 


1.873 


19 B.09 


1 0.89 


1.8» 


18 23.78 


1 0.66 


1.800 


17 31.92 


15.73 


1.711 


11 18.82 


10.30 


i.ur 


11 3.89 


9.74 


1.054 


10 20.79 


U 9.54 


1.030 


10 20.70 


9.54 


1.030 


10 20.79 


9.64 


1.030 


10 13.30 


9.26 


1.000 


10 12.94 


9.35 


0.999 


10 11.43 


9.20 


0.993 


10 11.43 


9.30 


0.993 


10 7.83 


9.06 


0.978 


9 19.73 


8.63 


0.931 


9 18.00 


8.56 


0.929 


9 15.17 


8.45 


0.913 


9 3.27 


8.03 


0.866 


9 3.76 


7.99 


0.864 


8 8.53 


7.33 


0.77* 


8 1.69 


71.08:0.765 


5 3.04 


4.46 0.48S 


S 13.77 


2.31 


0.S40 
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Take away the decimal points from the num- 
bers in the rig||t hand column^ or (which is the 
«ame) multiply them l)y 1000, and tliey will 
show how many avoirdupois ounces are con- 
tained in a cubic foot of each l)ody. 

The use of the table of specific gravities will How to 
best appear by an example. Suppose a body ^^"^^^^^^ 
to be compounded of gold and silver, and it is tity of 
required to find the quantity of each metal inf^iuitera- 
the compound. tais. 

First find the specific gravity of the com- 
pound, by weighing it in air and in water, and 
dividing its aerial weight by what it loses there- 
of in water, the quotient will show its specific 
gravity, or how many times it is heavier than 
its bulk of w ater. Then, subtract the specific 
gravity of silver (found in the table) from that 
of the compound, and the specific gravity of the 
compound from that of gold ; the first remain- 
der shows the bulk of gold, and the latter the 
bulk of silver, in the whole compound : and if 
these remainders be multiplied by the respec- 
tive specific gravities, the products will show 
the proportion of w eights of each metal in the 
body. Example — 

Suppose the specific gravity of the compound- 
ed body to be 13 ; that of standard silver (by the 
table) is 10.5, and that of gold 19.63 : therefore 
10.5 from 13, remains 2,5, the proportional 
bulk of the gold ; and 13 from 19-63, remains 
6.63, the proportional bulk of silver in the com- 
pound. Then, the first remainder 2.5, multi- 
plied by 19.63, the specific gravity of gold, pro- 
duces 49.075 for the proportional weight of 
gold; and the last remainder 6.63 multiplied 
by 10.5, the specific gravity of silver, produces 



180 Of the specific gravities of bodies. 

69.613 for the proportional weight of silver ia 
the whole body. So that for eveg" 49.07 ouncea 
or pounds of gold, there are o9.6 ounces or 
pounds of silver in the body. 

Hence it is easy to know whether any sus- 
pected metal l)e genuine, or alloyed or counter- 
feit; by finding how much it is heavier than its 
bulk of water, and comparing the same with 
the table : if they agree, the metal is good ; if 
they differ, it is alloyed or counterfeited. 
How to A cubical inch of good brandy, rum, or other 
^^yg^Pjj"*' proof spirits, weighs S35.7 grains ; therefore, if 
quora. a truc inch cube of any metal weighs S35.7 
grains less in spirits than in air, it shows the 
spirits are proof. If it loses less of its aerial 
weight in spirits, they are above proof; if it 
loses more, they are under. For, the better 
the spirits are, they are the lighter ; and the 
worse, the heavier. All bodies expand with 
heat, and contract with cold, but some more 
and some less than others. And therefore the 
specific gravities of bodies are not precisely the 
same in summer as in winter. It has been 
found, that a cubic inch of good brandy is ten 
grains heavier in winter than in summer ; as 
much spirit of nitre, 20 grains ; vinegar six 
grains, and spring-water three. Hence it is 
most profitable to buy spirits in winter, and 
sell them in summer, since they are always 
bought and sold by measure. It has been 
found, that 33 gallons of spirits in winter will 
make 33 in summer. 

The expansion of all fluids is proportionable 
to the degree of heat; that is, with a double or 
triple heat a fluid will expand two or three times 
as much. 
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Upon these principles depends the construe- The «*«•- 
tion of the thermometer, in which the globe or^^ 
bulb, and part of the tube, are filled with a 
jBuid, which, when joined to the barometer, is 
spirits of wine tinged, that it may be more ea- 
sily seen in the tube. But when thermometersi 
are made by themselves, quicksilver is gene- 
rally used. 

In the thermometer, a scale is fitted to the 
tube, to show the expansion of the quicksilver, . 
and consequently the degree of heat. And, as 
Fahrenheit's scale is most in esteem at present, 
I shall explain the construction ai\d graduation 
of thermometers according to that scale.* 

First, let the globe or bulb, and part of the 
tube, be filled with a fluid ; then immerse the 
bulb in water just freezing, or snow just thaw- • 
ing ; and even with that part in the scale where 
the fluid then stands in the tube, place the num- 
ber 33, to denote the freezing point : then put 
the bulb into your arm-pit, when your body is 
of a moderate degree of heat, so that it may 
acquire the same degree of heat with your skin; 

* FahrenheitjWhose thermometer is generally used in thiscoun. 
try, places the freezing point at 32, and the boiling point at 212. 
In Reaumur's thermometer, which is chiefly used on the conti- 
nent, the freezing point is placed at 0, and the boiling point at 
80. In Celsius's thermometer, which is used in Sweden, and has 
lately been adopted in France, under the name of Centigrade 
Thermometer, the freezing point is at 0, and the boiling point at 
100. In l)e La Hire's, the freezing point is at 28, and the boiling 
point at 199 1-3. In Amonton's the freezing point is at 51 J, and 
the boiling point ai 73. In Crucquius's, the freezing point is at 
1070> and the boiling point at 1510; and in Sir Isaac Newton's, 
the freezing point is at 0, and the boiling point at 34. For a larg- 
er list of the different methods by which thermometers have 
been graduated, see Cavallo's Natural Philosophy, vol. iii, p. 19- 
20. The most accurate method of constructing thermometers is 
to be found in the Philosophical Transactions, voL Ixvii, p. 816. 
—E. Ed. 
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and when the fluid has risen as far as it can by 
that lieat, there place the number 97 : then di- 
vide the space between these numbers into 65 
equal parts^ and continue those divisions both 
above 97 and below 33, and number them ac- 
cordingly. 

This maybe done in any part of the world; 
for it is found thai the freezing point is always 
the same in all places, and the heat* of the hu- 
man body differs but very little ; so that the 
therpiometcrs made in this manner will agree 
with one another ; and the heat of several bo- 
dies will be shown hy them, and expressed by 
the numbers u])on the scale, thus : 

Air, in severe cold weather, in our climate^ 
from 15 to 25. Air, in winter, from 26 to *8» 
Air, in spring and autumn, from 43 to 53. 
Air, at midsummer, from 65 to 68. Extreme 
heat of the summer sun, from 86 to 100. But* 
ter just melting, 95. Alcohol boils with 17* 
or 175. Brandy with 190. Water SIS. Oil 
of turpentine 550. Tin ixielts with 408, and 
lead with 540. Milk freezes about 30, vine- 
gar 38, and blood 27-* 

A body specifically lighter than a fluid wiU 
swim upon its surface, in such a manner, that a 
quantity of the fluid, equal in bulk with the 

• It is a remarkable fact, that when a thermometer is inclosed 
in a receiver, and the aircondensetl, the mercnry suddenly rises 
a few degietb above the teniperature of the ambient air ; and, on 
the contrary, when Die .-^ir in the receiver is rorifir d, the mercu- 
ry falls suddenly below the tempemturc of ihe atmosphere. But 
in both cases, af^^er some time, it resumes i<s former station. In 
an experiment by Mr. Did' on, thr tliernio.ncter in the air stood 
at 36 deuces 8 minutes. Wlien the air was exhausted it sunk to 
34 lieg^rees /minutes; and when the air was re-admitted and con- 
densed, it rose to 38 dcj^roos 9 niiiuites. — See Memoirs of the 
Philosophical Society of Muncliester, vol. v. p. 515. — ^E. Ed. 
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Immersed part of the body, will be as heavjf 
as the whole body. Hence, the lighter a fluid 
is, the deeper a body will sink in it; upon 
which depends the construction of the hydro - 
meter or water-poise.^ 

From this we can easily find the weight of a How th^ 
llship, or any other body that floats in waters ^^^?^|^^^ 
For, if we multiply the number of cubic feet be estimaj 
which are under the surface, by 63.5, the num-^^^- 
ber of pounds in one cubic foot of fresh water; 
or by 64.4, the number of pounds in a cubic 
foot of salt water; the product will be the 
Aveight of the ship, and all that is in it. For, 
since it is the weight of the ship that dis- 
places the water, it must continue to sink until 
it has removed as much water as is equal to it 
' in weight; and therefore the part immersed 
must be equal in bulk to such a portion of 
the water as is equal to the weight of the 
whole ship. 

To prove this by experiment, let a ball of 
some light wood, such as fir or pear-tree, be 
put into water contained in a glass vessel; 
and let the vessel be put into a scale at one 
end of a balance, and counterpoised by weights 
in the opposite scale : then, marking the height 
of the water in the vessel, take out the ball ; 
and fill up the vessel with water to the same 
height that it stood at when the ball was in it ; 
and the same weight will counterpoise it as 
before. 

From the vessel's being filled up to th0 
same height at which the water stood when 

* The most approved hydrometers are those constructed by 
Mr. Jones, Mr. Dicas of Liverpool, Mr. Qiiin, and Mr Nicholson; 
a short account of which may be seen in the new edition of Clare'tf 
Treatise on the motion of Fluids, p. 147, edited and enlarged by 
Robert Hall, M. 1).— E. Eu. 
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llf tie 9ff2cijlic gravities of hoiifli* ". ... 

ike ball wfis in it^ it is eyident ihat the 9|lii«. 
iiiy poured in is equal in magnitude to tbe ttl 
mersed part of the ball ; and from t)ie mme 
weight counterpoising, it is plain that the wa- 
ter poured in^ is equal in weight to the whofe 
balL . ^m 

In ttoj weight, S4 grains make a pennjS 
Weight, SO penny.weights an ounce, and 18^ 
oonces a pound. In avoirdupois weighty itf 
drams make an ounce, and 16 ounces a pound. 
The troy pound contains 0760 grains, and the 
avoirdupois pound 7000 ; and hence, the avoir* 
dupois dram weighs S7.34«37d grains^ and the 
• avoirdupois ounce 437-5. 

Because it is often of use to know how miieh 
any given quantity of goods in troy weight do 
' ^ muce in avoirdupois weight ; and the reverse ; 
we shall here annex two tables for converting 
flieie weights into one another. 'Those fihott ' ' 
:..page 154; to page 169 are near enough for , 
\eommon hydraulic purposes ; but the two fill- ; 
' lowing are better, where accuracy is required 
.in comparing the "^eights with one another: 
,' and I find by trial, that ±75 troy ounces aie 
precisely equal to 19S avoirdupois otincesi, 
and 179 troy pounds are ^ual to 144* avoir- 
dupois. And although there are several les- 
Her integral numbers, which come very neair 
to agree->tosether^ yet I have found none less 
f than the above to agree exactly. Indeed 41 
troy ounces are so nearly equal to 45 avoirdu- 
^pbis ounces, that the latter contains only f^ 
^gn&as more than the former : and 40 troy 
pounds weigh only 7t7 drams more ttuui 9Jf^' 
avoirdupois. , \ 

I have lately made a scale for compariiig 
these weights with one another, and 8howiii||;^ 
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the weight of pump-water, proof spirits, pure 
spirits, and guinea-gold, taken in cubic inches 
to any quantity less than a pound, both in troy 
and avoirdupois ; only by sliding one side of a 
square along the scale, and the other side 
cros.sing it. 
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A Table for rediiciDg Troy Weight iuto Avoir 








dupois Weight.' 


















Troy Weigl.1. 




Trojr WeifTlit. 


















lb. OS. di'i.m9. 




Di^.ins. 






Poimii<>— 4iioo 


3391 6 13.68 


Penny wt.— 19 


ie.e7 






3000 


3338 9 2.26 


18 


15.79 






?000 


164S 11 6,84 


17 


14.93 






100(1 


822 13 11.43 


16 


14.04 






900 


740 9 2.38 


15 


13.16 






800 


658 4 g.U 


14 


12.29 






TOO 


576 0.00 


13 


11.41 






600 


493 11 6.S5 


12 


10.53 






500 


411 6 13.71 


11 


9.65 






400 


329 3 4.37 


10 


8.78 






300 


246 13 11.42 


9 


7.90 






200 


164 9 2.S8 


S 


7.02 






loo 


82 4 9.15 


7 


6.14 






90 


74 13.62 


6 


5.37 






80 


65 13 4.11 


5 


4.39 






ro 


57 9 9.60 


4 


3.51 






60 


49 S 15.08 


3 


3.63 






50 


41 2 4.57 


3 


1.75 






40 


32 14 10.05 


^ . > 


.88 






50 


24 10 IS 54 


Grains 33 


.84 






20 


16 7 5.03 


22 


.80 






ID 


8 3 10.53 


21 


.77 






9 


7 6 7,86 


20 


.73 






► 8 


6 9 5S1 


19 


.69 






7 


5 12 2.56 


18 


.66 




Jm 


6 


4 14 15.90 


17 


.62 




A 


5 


4 1 13.25 


16 


.58 




IP 


4 


3 4 10.60 


15 


.55 






3 


3 7 7.95 


14 


.51 


, 




9 


1 10 5.30 


13 


A7 






1 


13 3-65 


13 


M 






Oww*^^" 


13 1.09 


11 


.40, 






, ■• 10 


10 15-54 


10 


.36 


f ] 




-' , fi 


9 13.39 


9 


.33 






■ » 


fi 13 43 


8 


.39 


■. .' 




7 


7 10.88 


7 


.3«' 


/'■ 




. . - ^ 


6 9.33 


e 


.33. 






f 


5 7.77 


5 


.18 




■■■'' 


V ■ rA 


4 6,22 


4 


.15 






3 4.66 
3 3,11 


3 
3 


.11 




tV'» 


.c- 




1 


I 1 55 


' 


-' 





^^;';^ 



iivoirdupois Weight reduced into Troy. 



187 



A Table for reducing Avoirdupois Weight into 

Troy Weight. 



Avoirdupois 
Weight. 


Troy Weight. 


Avoirdupois 
Weight. 


Troy Weight. 


lb. 


oz. pw. gr 


lb. oz pw. gT. 


Pounds. ..6000 


7291 


8 


Ounces I5 


1 1 13 10.50 


5000 


6076 


4 13 8 


14 


1 15 5 


4000 


4861 


1 6 16 


13 


11 16 23.50 


3000 


3645 


10 


12 


10 18 18 


2000 


2430 


6 13 8 


11 


10 12.50 


1000 


1215 


3 6 16 


10 


9 2 7 


900 


1093 


9 


9 


8 4 1 .50 


800 


972 


2 13 8 


8 


7 5 20 


700 


850 


8 6 16 


7 


6 7 14.50 


600 


729 


2 


6 


5 9 9 


500 


607 


7 13 8 


5 


4 11 3.50 


400 


486 


1 6 16 


4 


3 12 22 


300 


364 


7 


3 


2 14 16.50 


200 


243 


13 8 


2 


1 16 11 


100 


121 


6 6 16 


1 


18 5.50 


90 


109 


4 10 


Drams 15 


17 2.10 


80 


97 


2 13 8 


14 


15 22.76 


70 


85 


16 16 


13 


14 19.42 


60 


72 


110 


12 


13 15.08 


50 


60 


9 3 8 


U 


12 12.74 


40 


48 


7 6 16 


10 


11 9 40 


30 


36 


5 10 


9 


10 6.06 


20 


24 


3 13 8 


8 


9 2.72 


10 


12 


1 16 16 


7 


8 23.38 


9 


10 


115 


6 


7 20.04 


8 


9 


8 13 8 


5 


6 16.70 


7 


8 


6 1 16 


4 


5 13.36 


6 


7 


3 10 


3 


3 10.03 


5 


6 


18 8 


2 


2 6.68 


4 4 


10 6 16 


1 


1 3.34 


3 


3 


7 15 




20.51 


2 


2 


5 3 8 


13.67 


1 


I 


2 11 16 


21 
i 


6.83 



'rv 
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The two following examples will be ralB- 
eient to explain these two tables^ and show 
their agreement* 

Ex. I. — In 0639 pounds 6 otmeea 9 penny- 
itfiightB 6 grains Troy, Qa. How much Jlvow* 
inpoif wotfihtP (See page 196.) 

.Avoirdupois. . 
lb. oz. drams. 

6 13.08 f. 



g 3000 
„ 800 



oz. 



so 

10 
5 
6 

9 
6 



3S9i 
lft49 11 
608 
16 

8 

« 



4 

7 

3 
1 
6 



d.8ir 
9.14 

0.oa . 

10««8 

18.S9 .i*^j§ 
9.3« •' 
7»90 * 
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Jbiswer^ — 9684 10 11.90 



Ex. n. — In S^lMf pounds 10 ounceoiH dramt 
Jivoirdupoisy Qu. How much Troy weight 
(See page 187.) 



Hi 



r5000 
600 



OS. 

dr. 



4 

10 
18 



Troy, 

lb. oz. pw. gr. 

6078 4 13 8 

7S9 S ' 

94 8 18 8 

4 10 6 Iff 

9 « 7 

IS 10.0ft 



JbMmr — 6839 6 9 Qkfl8 
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LECTURE VI, 



Of Pneumatics. 

THIS science treats of the nature, weight, 
pressure, and spring, of the air, and the effects 
arising therefrom. 

The air is that thin transparent fluid body The pro- 
in which we live and breathe. It encompas- ^^*^^* ^ 
ses the whole earth to a considerable height ; 
and, together with the clouds and vapours that 
float therein, is called the atmosphere. The 
air is justly reckoned among the number of 
fluids, because it has all the properties by 
whick a fluid is distinguished. For, it yields 
to the least partial force impressed, its parts 
are easily moved among one another, it press- 
es according to its perpendicular height, and 
its pressure is every way equal. 

That the air is a fluid, consisting of such 
particles as have no cohesion between them, 
but easily glide over one another, and yield to 
the slightest impression, appears from that 
ease and freedom with which animals breathe 
in it, and move through it without any diffi- 
culty or sensible resistance. 

But it differs from all other fluids in the four 
following particulars: 1. It can be compressed 
into a much less space than what it naturally 
possesses, which no other fluid can : S. It can- 
uot be congealed or fixed, as other fluids may : 
3. It is of a different density in every part, up- 
ward from the earth's surface, decreasing in its 
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weight, bulk for bulk, the higher it rises ; and 
therefore must also decrease in density : 4. It 
is of an elastic or springy nature, and the force 
of its spring is equal to its weight.* 

That air is a body, is evident from its ex- 
cluding all other bodies out of the space it 
possesses : for, if a glass jar be plunged with 
its mouth downward into a vessel of water, 
there will but very little water get into the jar, 
because the air of which it is full keeps the 
Water out. 

As air is a body, it must needs have gravity 
or weight : and that it is weighty, is demon- 
strated by experiment. For, let the air be ta- 
ken out of a vessel by means of the air-pump, 
then, having weighed the vessel, let in the air 
again, and upon weighing it w hen refilled with 
air, it will be found considerably heavier. — 
Thus, a bottle that holds a w ine-quart, being 
emptied of air and weighed, is found to be about 
16 grains lighter than when the air is let into it 
again : this shows that a quart of air weighs 16 
grains. But a quart of water weighs 14,6S1 
grains; this divided by 16, quotes 914 in round 
numbers; which shows, that water is 914 times 
as heavv as air near the surface of the earth. 

As the air rises above the earth's surface, it 
grows rarer, and consequently lighter, bulk for 

« 

• As the comppessibiUty of water and other fluids is now coBll<' 
pletely asceruined, air \\\\\ differ from these onh in one circum- 
stance, • that it cannot be concealed or fixed.* The water of the 
ocean, and even smaller quantities of liquid, must have different 
densities, (however small the diffe:-ence) on account of the weiglit 
of the superincumbent iiuid; and e^'ery ci^mpressible fluid must 
be elastic. The elasticity of water is completely proved by the 
rerti'Ction of stones impinging: upon its surface. — E. Ed. 

Most of the elastic Auuis, by the n^odem ^hemis:s termed 
c«Jw.*» pi^ssess the above pn^perties in common with atmospheric 
air : thoug:h each has besides its own disiingnishiiig properties^ 
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bulk. For, because it is of an elastic or springy 
nature, and its lowermost parts are pressed with 
the weight of all that is above them, it is plain 
that the air must be more dense or compact at 
the earth's surface than at any height above it^ 
and gradually rarer the higher up. For the 
density of the air is always as the force that 
compresses it ; and, therefore, the air toward 
the upper parts of the atmosphere being less 
pressed than that which is near the earth, will 
expand itself, and thereby become thinner than 
at the earth's surface. 

Dr. Cotes has demonstrated, that if altitudes 
in the air be taken in arithmetical proportion, 
the rarity of the air will be in geometrical pro- 
portion. For instance — 
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And hence it is easy to prove> by calenla- 
tion^ that a cubic inch of such air as we breathe^ 
would be so much rarefied at the altitude of 900 
miles, that it would fill a hollow sphere equal 
in diameter to the orbit of Satuqi. 

The weight or pressure of the air is exactly 
determined by the following experiment : 
The Tori' Take a glass tube about three feet long^ and 

periiDenr ®P^^ ^^ ^^^ ®"^^ ' *^^ ^* ^^^^ quicksilver, and 
putting your finger upon the open end, turn 

that end downward, and immerse it into a small 
vessel of quicksilver, without letting in any air : 
then take away your finger, and the quicksilver 
will remain suspended in the tube 29| inches 
above its surface in the vessel, sometimes more^ 
and at other times less, as the weight of the air 
is Varied by winds and other causes. That the 
quicksilver is kept up in the tube by the pres- 
sure of the atmosphere upon that in the ba80% 
is evident ; for, if the bason and tube be pat 
under a glass, and the air be then taken out of 
the glass^ all the quicksilver in the tube will fall 
down into the bason ; and if the air be let in 
again, the quicksilver will rise to the same 
height as before. Therefore, the air^s pres- 
sure on the surface of the earth, is equal to the 
weight of 294 inches depth of quicksilver all 
over the earth^s surface, at a mean rate. 

A square column of quicksilver, 29^ inches 
high and 1 inch thick, weighs just 15 pounds^ 
which is equal to the pressure of air upon eve- 
ry square inch of the earth^s surface ; and 144 
times as much, or 2160 pounds, upon every 
square foot; because a square foot contains 
144 square inches. At this rate, a middle-sized 
man, whose surface may be about 14 square 
feet, sustains a pressure of 30,240 pounds, vrhen 
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the air is of a mean gravity ; a pressure which 
would be insupportable^ and even fatal^ to us^ 
were it not equal on every pai*t, and counter- 
balanced by the spring of the air within us^ 
which is diffused through the whole body ; and 
reacts with an equal force against the outward 
pressure. . 

Now, since the earth's surface contains (iu 
round numbers) 300,000,000 square miles, and 
every square mile 27,878,400 square feet, 
there must be 5,575,680,000,000,000 square 
feet on the earth's surface ; which, multiplied 
by S160 pounds, (the pressure on each square 
foot) gives 12,043,468,800,000,000,000 pounds 
for the pressure or weight of the whole atmos- 
phere. 

When the end of a pipe is immersed in wa- 
ter, and the air is taken out of the pipe, the 
water will rise in it to the height of about 33 
feet above the surface of the water in which it 
is immersed ; but will go no higher ;. for it is % 
found that a common pump will draw water no 
higher than about 33 feet above the surface of 
the well : and unless the bucket goes within 
that distance from the well, the water will ne- 
ver get above it. Now, as it is the pressure of 
the atmosphere, on the surface of the water in 
the well, that causes the water to ascend in the 
pump, and follow the piston or bucket, when 
the air above it is lifted up ; it is evident, that • 
a column of water 33 feet high, is equal in 
^weight to a column of quicksilver of the same 
diameter, S9^ inches high ; and to as thick a 
column of air, reaching from the earth's sur- 
face to the top of the atmosphere. 

In serene calm weather, the air has weight The baro- 
enough to support a column of quicksilver 31 '^'^• 



>; 
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inches high : but in tempestuous stormy weather^ 
not above 28 inches. The quicksilver, thus 
supported in a glass tube^ is found to be a nice 
counterbalance to the weight or pressure of the 
air, and to show its alterations at different 
times. And being now generally used to de- 
note the changes in the weight of the air, and 
of the weather consequent upon them, it is 
called the barometer, or weather-glass. 

The pressure of the air being equal on all 
sides of a body exposed to it, the softest bo- 
dies sustain this pressure without suffering any 
change in their figure ; and so do the most 
brittle bodies without being broken. 

The air is rarefied, or made to swell with 
heat ; and of this property, wind is a necessa- 
The cawse ry couscquence : for, when any part of the air 
of-mndi, jg heated by the sun, or otherwise, it will swell, 
and thereby affect the adjacent air : and so by 
various degi'ees of heat in different places, 
there will arise various winds.* 

When the air is much heated, it will ascend 
toward the upper part of the atmosphere, and 
the adjacent air will rush in to supply its place; 
and therefore, there will be a stream or current 
of air from all parts toward the place where the 



• The pressure of the air, and its rarefaction by heat, are ex- 
cellently illustrated by ti.e following" simple experiment : — ^Take 
hold of a wine-glass with your ripjht hand, and with your left put 
into it a small piece of burning paper. When the paper has burn- 
ed for a few seconds, sirike ihe mouth of the glass against the 
palm of your left hand, and it will remain firmly fixed to it for a 
considerable time. The cause of this is, thai the internal air is 
so rarefied by ihe burning paper, that the pressure upon the in- 
side of the glass is greatly diminished. The equilibrium, there- 
fore, of the pressures upon the outside and inside of the glass 
being destroyed, the glass must adhf»re to the hand liil ^hat equi- 
librium is restored.— E Ed. 
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lieat is. And hence we see the reason why 
the air rushes with such force into a glass- 
house^ or toward any place where a great fire 
is made. And also, why smoke is carried up 
a chimney, and why the air rushes in at the 
key-hole of the door, or any small chink, when 
there is a fire in the room. So we may take 
it in general, that the air will press toward 
that part of the world where it is mpst heat- 
ed.* ^ 

Upon this principle, we can easily account The trade- 
for the trade-winds^ which blow constantly^'"'** 
from east to west about the equator. For when 
the sun shines perpendicularly on any part of 
the earth, it will heat the air vpry much in that 
part, which air will therefore rise upward, and 
when the sun withdraws, the adjacent air will 
rush in to fill its place ; and, consequently, will 
cause a stream or current of air from all parts 
toward that which is most heated by the sun. 
But as the sun, with respect to the earth, 
moves from east to west, the common course of 
the air will be that way too ; continually pres- 
sing after the sun : and, therefore, at the equa- 
tor, where the sun shines strongly, there will 
be a continual wind from the east ; but, on the 
north side, .it will incline a little to the north, 
and on the south side, to the south. 

• The foUowing experiment illustrates, in a very beautiful 
manner, this property of heated air. Roll up apiece of paper in 
a conical form, and prevent it from unrolling either by puttmg a 
pin into its vertex, or by joining its sides with paste. Take off 
one of the scales of a balance, and fasten this cone by its vertex, 
at the extremity of the arm in place of the scale, adding such a , 

weight as will keep the cone in equilibrio with the other scale. 
Put a lighted candle bellow the paper cone, and it will immediate- 
ly rise, and require the addition of a very considerable weight to 
restore its equilibrium with the remaining scale.— £. Eu. 
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This general course of tbe wind about the 
equator^ ts changed in several places, and up- 
on several accounts ; as^ 1. By exhalations that 
rise out of the earth at certain times, and from 
certain places ; in earthquakes, and from v(d- 
canoes ; S. By the falling of great quantities of 
rain, causing thereby a sudden condensation 
or contraction of the air ; 3. By burning sands, 
that often retain the solar heat to a degree in* 
k credible to those who have not felt it, causing 
a more than ordinary rarefaction of the air con- 
tiguous to them ; 4. By high mountains, which 
alter the direction of the winds in striking 
against them ; 9. By the declination of the sun 
toward the north or south, heating the air an 
the north or south side of the equator.* 



* The following curious table, containing^ the force and velo- 
city of winds, was constructed by Mr. Rouse, from a great nuni' 
ber of facts and experiments, and is not frequently to be net 
with. 



?eIocityoT 
the wind in 
miles per 
hour. 



1 

2 

3 

4 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

80 

100 



Perpendicular 
force on one 
foot area in 
(iOMndsavoird. 



Common appellotions of the 
of winds. 



foice 



.005 

.020 

.044 

079 

.123 

.492 

1.107 

1.968 

3.075 

4.429 

6.J27 

7 873 

9.963 

12.300 

12.715 

31.490 

49.200 



Mardi} perceplibie. 
Just perceptible. 

•'icntle pleasant wind. 

Pleasant brisk gale. 

Very brisk. 

High winds. 

Very high. 

A s'orm or tempest. 

A purest storm. 

A hurricane. 

A hurricane that tears up trees, 

carries buildings before it 

^c. 
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To these and such like causes are owing, — The4iKaH 
1. The irregularity and uncertainty of winds'*^***' 
in climates distant from the equator, as in 
most parts of Europe; — 2. Those periodical 
winds called monaoons^ which, in the Indian 
seas, blow half a year one way, and the other 

half another; 3. Those winds, which, on 

the coast of Guinea^ and on the western 
coasts of America^ blow always from west 
to east ;— 4. The sea-breezes, which, in hot 
countries^ blow generally from sea to land^ 
in the day-time ; and the land-breezes, which 
blow in the night; and, in short, all those 
storms^ hurricanes^ whirlwinds, and irregu- 
larities, which happen at different times and 
places.* 

All common air is impregnated with a cer- The «*««- 
tain kind of vivifying spirit or quality, which {^^^/^ 
is necessary to continue the lives of animals : 
and this, in a gallon of air, is sufficient for one 

• 

Mr. Smeatoiij by whom the above table was first publisKed,ob* 
tervesy that the evidence for those numbers, where the velocity 
of the wind exceeds 50 miles an hour, do not seem of equal au« 
tfaority with those of 50 miles an hour and under. A very inge- 
nious method of finding the velocity of the wind^ from the mo- 
tion of the sails of wind-mills, may be seen in Mr. Smeaton's £s- 
«ay on the construction and effects of Wind-mill Sails. Phil. 
Trahs. vol. 51, 1759— E.Ed. » 

* The winds called Solanos, which are of a scorching and suf- 
focating nature, are those which blow over a great tract of coun- 
try greatly heated by the sun. They occur most commonly in 
the deserts of Arabia, and the inierior of Africa. Tomadoet are 
winds which shift from one point of the horizon to another* and 
return to the same again. The Sirocc, or Scfurocco, is a warm 
south-easterly wind, which is felt in the southern parts of Italy. 
It occasions such a degree of lassitude, that both natives and 
Strangers are incapable of performing their usual functions.— 
K. Eo. 
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mau daring the space of a minute^ and not 
much longer.* 

This spirit in air is destroyed by passing 
through the lungs of animals : and hence it 
is, that an animal dies, soon after being put 
nnder a vessel which admits no fresh air to 
come to it. Tliis spirit is also in the air con- 
tained in water; for fish die when they are 
excluded from fresh air, as in a pond that is 
closely frozen over. And the little eggs of 
insects, stopped up in a glass, do not produce 
their young, though assisted by a kindly 
warmth. The seed also of plants, thou^ 
mixed with good earth, if inclosed in a glass^ 
will not grow. 

This enlivening quality in air, is likewise 
destroyed by the air's passing through fire; 
particularly charcoal-fire, or the flame of sul- 
phur. Hence, smoking chimneys must be veiy 
unwholesome, especially if the rooms they are 
in be small and close. 

Air is also vitiated, by remaining closely 
pent up in any place for a considerable time ; 
or, perhaps, by being mixed with malignant 
steams and particles flowing fi^m the neigh- 



* The air of our atmosphere is a mixture, or more properly a 
combination, of tu'o different gases, oxygenous f;^^ and azotic of 
nitrogen jjkS, in the proportion of one part of the tbrmer to three 
of tiK- latter. This oxviirenous is what our author calls the vsv»- 
Jying tpiri: of air, and the azotic gas is vh*i he improperly de- 
no*iu»at(.s danp. That the constitution of the air in the supe- 
rior regions of the atmosphere is similar to its constitution near 
the eur:h*s surfice, appears fr-^m the laie aerostatic experiments 
of M- Guy Lu5iac of 'be NiUonal Institute. This wj^s determined 
bv filling a vessel with air, at a great height ir ro the earth, auod 
altcrwaiids subjecting it to chemicjd examinaiiozL — £. £d. 
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bouring bodies; or^ lastly^ by the eorruption 
of the vivifying spirit; as in the holds of ships^ 
in oil-cisterns^ or wine-cellars, which have been 
shut for a considerable time. Tlie air in any 
of these places is sometimes so much vitiated^ 
as to cause instant death to any animal that 
comes into it.* 

Air that has lost its vivifying spirit, is called JOamps. 
dampy not only because it is filled with humid 
or moist vapours, but because it deadens fire, 
extinguishes flame, and destroys life. The 
dreadful effects of damps are sufficiently known 
to such as work in mines. 

If part of the vivifying spirit of air in any , 

country begins to putrefy, the inhabitants of 
that country will be subject to an epidemical 
disease, which will continue until the putrefac- 
tion is over; And as the putrefying spirit oc- 
casions the disease, so if the diseased body 
contribute toward the putrefying of the air, 
then the disease will not only be epidemical, 
but pestilential and contagious* 

The atmosphere is the common receptacle of 
all the effluvia or vapours arising from differ- 
ent bodies ; of the steams and smoke of things 
burned or melted ; the fogs or vapours pro- 
ceeding from damp watery places ; and of the 
effluvia from sulphureous, nitrous, acid, and 
alkaline, bodies. In short, whatever may IjQ 
called volatile, rises in the air to greater 07 



/ - ' •. 



'• When a person is under the necessity of going into places '\i 

where the air is vitiated, he ou^ht never to sit or lie down in it, 
lis the corrupted air sinks to the bottom of the apartment. I am / 
informed by a gentleman, who, along with some friends, went in- 
to a cavern filled with bad air, that his dog died in a short time» 
while he and his companions received no injury. The dog in 
this case inhaled the noxious air which had sunk to the bottom. 
— ^E. Ed. 

VOL. I. 2 I 
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less heights^ according to its specific grai- 

Fermenta- When the cffluvia^ which arise from acid 
'^' and alkaline bodies, meet each other in the air^ 
there will be a strong conflict or fermentation 
between them ; which will sometimes be so 
great, as to produce a fire ; then if the effluvia 
be combustible, the fire will run from one part 
to another, just as the inflammable matter hap- 
pens to lie. 

Any one may be convinced of this, by mix- 
ing an acid and an alkaline fluid together, as 
the spirit of nitre and oil of cloves ; upon the 
doing of which, a sudden ferment, with a fine 
flame, will arise ; and if the ingredients be ve- 
ry pure and strong, there will be a sudden ex- 
plosion. 
7%under Whocvcr cousidcrs the effects of fermenta- 
^w!^^^' **^^^ cannot be at a loss to account for the 
dreadful effects of thunder and lightning:* for 
the effluvia of sulphureous and nitrous Dodies, 
. and others that may rise into the atmosphere, 
will ferment with each other, and take fire ve- 
ry often of themselves ; sometimes by the as- 
sistance of the sun's heat. 

If the inflammable matter be thin and light, 
it will rise to the upper part of the atmosphere, 
where it will flash without doing any harm : 
but if it be dense, it will lie near the surface 
of the earth, where, taking fire, it will explode 
with a surprising force ; and by its heat rarely 
and drive away the air, kill men and catfle, 

* Thunder and lightning" are now well known to be electrical 
phenomena, arising from the sudden passage of the electric fluid 
between two bodies in different states of electricity, i. e. one hav- 
ing aredundancy of the electric fluid, and the other a deficiency; 
as, between two clouds, or between a cioud andtlft eartb.^— A. Ed. 
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split trees^ walls^ rocks^ &c. and be aecompa* 
Hied with terrible claps of thunder. 

The heat of lightning appears to be quite dif- 
ferent from that of other fires ; for it has been 
known to run through wood^ leather^ cloth^ &;c. 
without hurting them, while it has broken and 
melted iron, steel, silver, gold, and other hard 
bodies. Thus it has melted or burned asunder 
a sword, without hurting the scabbard; and 
money in a man^s pocket, without hurting his 
clothes : the reason of this seems to be, that the 
particles of that fire are so fijie, as to pass 
through soft loose bodies, without dissolving 
them, while they spend their whole force upon 
the hard ones.* 

It is remarkable, that knives and forks which 
have been struck with lightning have a very 
strong magnetical virtue for several years af- 
ter : and I have heard, that lightning striking 
upon the mariner's compass, will sometimes 
turn it round ; and often make it stand the con- 
trary way, the north-pole toward the souths 

Much of the same kind with lightnings are Fire^ 
those explosions, called fulminating^ or fire- ^^^^' , 
damjps^^ which sometimes happen in mines ; 
and are occasioned by sulphureous and nitrous, 
or rather oleaginous particles, rising from the 
mihe, and mixing with the air, where they ^11 
take fire by the lights which the workmen are 
obliged to make use of. The fire being kin* 
died, will run from one part of the mine to an- 

* The above phenomena are to be accounted for on the weU- 
known fact, that metals are Uie most powerful attractors, and 
best conductors^ of lightning, or the electric fluid.— pA. Ed. 

f Fire-damps are n(^ well known to be a mixture of what the 
modem chemists term hydrogen got (inflammable air) with the 
common atmospheriQ air qf the ^line or pit where they «re found* 
—A. Ep, 
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otlier^ like a train of gunpowder^ as the com-r 
bustiblc matter happens to lie. And as the 
elasticity of tlie air is increased by heat, tliat 
in the mine will consequently swell very much, 
and so, for want of room, will explode with a 
greater or less degree of force, according to the 
density of the combustible vapours. It is some- 
times so strong, as to blow up the mine ; and at 
other times so weak, that when it has taken fire 
at the flame of a candle, it is easily blown oat. 
Air that will take fire at the fiame of a can- 
dle may be produced thus : having exhausted 
a receiver of the air-pump, let the air run into 
it through the fiame of the oil of turpentine ; 
then remove the cover of tlie receiver, and 
holding a candle to that air, it will take fire, 
and burn quipker or slower, according to the 
' density of the oleaginous vaj)our. 
Earth' When such combustible matter, as is above- 
9^^' mentioned, kindles in the bowels of the earth, 
where thpre is little or no vent, it produces 
earthquakes, and violent storms or hurricanes 
of wind when it breaks forth into the air. 

An artificial eartliquake may be made thus : 
Take 10 or i^ pounds of sulphur, and as much 
of the filings of iron, and knead them with com- 
mon water into the consistency of a paste : this 
being buried in the ground, will, in 8 or 10 hours 
time, burst out in flames, and cause the earth to 
tremble all around to a considerable distance. 
From this experiment we have a very natural 
account of the fires of mount •Mtna^ Vesuvius, 
and other volcanoes, they being probably set 
on fire at first by the mixture of such metalline 
and sulphureous particles. 
The cur- The aiv-pump being coiistructed nearly on 
t:^^.^^- the same principles as the water-pump^ who; 



^* 



Of the Jlir-pumj), g03 

ever understands the one^ will be at no loss to 
underistand the other. 

Having put a wet leather on the plate XXPLATit 
of the air-pump^ place the glass receiver M^l^\^ 
upon the leather^ so that the hole i in the plate 
may be within the glass.* Then, turning the 
handle F backward and forward, the air will 
be pumped out of the receiver; which will 
then be held down to the plate by the pressure 
of the external air, or atmosphere. For, as 
the handle l^(Fig. 2.) is turned backward, it 
raises the piston de in the barrel BIC^ by means 
of the wheel E and rack D rf.-f and, as the 
piston is leathered so tight as to fit the barrel 
exactly, no air can get between the piston and 
barrel ; and therefore, all the air above d in the 
barrel is lifted up toward JS^ and a vacuum is 
made in the barrel from ft to e; upon which, part 
of the air in the receiver M (Fig. 1.) by its 
spring, rushes through the hole i, in the brass 
plate ii, along the pipe CrGf, which commu- 
nicates with both barrels by the hollow trunk 
IHIC (Fig. 2.) and pushing up the valve ft, en- 
ters into the vacant place pe of the barrel JSK. 

• When leathers, soaked in water or oil, are employed, an e- 
lastic vapour sometimes arises> which influences tne gage, and 
prevents it from showing to what degree the air is rarefied. Oil 
this acount the edge of tJhe receiver, and the plate XX, should be 
ground perfectly flat, and rubbed wiih hogs' lard, or soft poma- 
turn, which will keep out the air without generating moisture. 
When this cannot be conveniently done, the leather should be 
soaked in oil, from which the air has been previously expelled by 
boiling; or it may be rubbed with hog^' lard or bees' wax, which 
communicate a clamminess to the leather. By these means the 
elastic vapour may be prevented from arising. — E. Ed. 

f In such a delicate instrument as the air-pump> it is of great 
importance that the pistons be raised and depressed with an uni- 
form force and velpcity. This can be effected only by giving a 
proper curvature to the teeth of the wheel and rack. For this 
purpose see the articliei in the Appendix, vol. 2, On the FormoHoH 
of the Teeth of Bach^vfork, fife— E. Ed. 
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Plate For, wlierevcr the resistance or pressure is ta- 
^^^' ken off, the air will run to that place, if it can 
find a passage. — Then^ if the handle P be 
turned forward, the piston de will be depressed 
in the barrel ; and, as the air which got into 
the barrel cannot be pushed back through the 
valve ft, it will ascend through a hole in the 
piston, escape tlirough a valve at dy and be 
hindered by that valve from returning into the 
barrel, when the piston is again raised.^ At 
the next raising of the piston a vacuum is again 
made in the same manner as before^ between h 
and e ; upon which, more of the air that was 
left in the receiver My gets out thence by its 
springs and runs into the barrel BK^ throagh 
the valve B. The same thing is to be under- 
stood with regard to the other barrel Jll ; add 
as the handle F is turned backward and for- 
ward, it alternately raises and depresses the 
pistons in their respective barrels ; always raid- 
ing one while it depresses the other. And, as 
there is a vacuum made in each barrel when its 
piston is raised, the particles of air in the re- 
ceiver JIf push out one ?»nother by their spring 
or elasticity, through the hole z, and pipe GG 
into the barrels ; until at bst the air in the re- 
ceiver becomes so much dilated, and its spring 
so far weakened, that it can no longer get 
through the valves ; and then no more can be 
taken out. Hence, there is no such thing as 
making a perfect vacuum in the receiver ; for 
the quantity of air taken out at any one stroke, 
will always be as the density thereof in the re^ 
ceiver; and therefore it is impossible to take it 
all out, because, supposing the receiver and 
barrels of equal capacity, there will be always 
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as much left as was taken out at the last turn ^^^7'^ 
of the handle. 

There is a cock k below the pump-plate^ 
which being, turned, lets the air into the receiver 
again ; and then the receiver becomes loose^ and 
may be taken off the plate. The barrels are fix- 
ed to the frame Eee by two screw-nuts^, which 
press down the top-piece E upon the barrels : 
and the hollow trunk H (in Fig. 2.) is covered 
by a box^ as GH in Fig. 1. 

There is a glass tube Immmn open at both 
' ends, and about 34 inches long ; the upper end 
communicating with the hole in the pump-plate^ 
and the lower end immersed in quicksilver at 
n in the vessel .A^. To this tube is fitted a 
wooden rule mm^ called the gage, which is di- 
vided into inches and parts of an inch, from the 
bottom at n (where it is even with the surface 
of the quicksilver) and continued up to the top, 
a little below /, to 30 or 31 inches. 

As the air is pumped out of the receiver M^ 
it is likewise pumped out of the glass tube 
ImTiy because that tube opens into the receiver 
through the pump-plate; and as the tube is 
gradually emptied of air, the quicksilver in the 
vessel JV* is forced up into the tube by the pres- 
sure of the atmosphere. And if the receiver 
cuuld be perfectly exhausted of air, the quick- 
silver would stand as high in this tube as it 
does at that time in the barometer: for it is 
supported by the same power or weight of the 
atmosphere in both. 

The quantity of air exhausted out pf the re- 
ceiver on each turn of the handle, is always pro- 
portional to the ascent of the quicksilver on that 
turn ; and the quantity of air remaining in the 
receiver is proportional to the defect of the 
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^^P height of tlie quicksilver in the gage, from what 
it is at that time in the barometer.* 

I sliall now give an account of the experi- 
ments made with the air-pump in my lectures, 
showing the resistance, weight, and elasticity, 
of the air. 

L To shoic the resistance of the air, 

i. 'I'here is a little machine, consisting of 
Pig- 3. j.^^ mills, a and &, which are of equal weights, 
independent of each other, and turn equally 
free on their axes in the frame. Each mill hiur 
four thin arms or sails, fixed into the axis : 
those of the mill a have their planes at right 
angles to its axis, and those of b have their 
planes pai*allel to it. Therefore, as the mill a 
turns round in common air, it is but little re- 
sisted thereby, because its sails cut the air 
with their thin edges : but the mill b is much 
resisted, because the broad sides of its sails 
move against the air when it turns round. la 
each axle is a pin near the middle of the frame, 
which goes quite through the axle, and stands 
out a little on each side of it : upon these pins 
the slider d may be made to bear, and so hin- 
der the mills from going, when the strong 
spring c is set on bend against the opposite 
ends of the pins. 

Having set this machine upon the pnmp- 
plate LL (Fig. 1.) draw up the slider d to the 
pins on one side, and set the spring c at bend 

* If vapoiir has been produced in the course of anyexperimentt 
the receiver, Ihe tubes, and tlie barrels of the pump, must be 
carefully freed from it before a new experiment is perfbrmed. 
This is done by exhausting* a large receiver, into which the va- 
pour diffuses itself; and if not entirely taken away, is at leaat 
greatly rarefied, and that according to the capacity of the iCGeiv- 
er.— E. Ed. 
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upon the opposite ends of the pins: then ptish^^^^^ 
down the slider d, and the spring acting equal- 
ly strong upon each mill, will set them both 
a-going with equal forces and velocities : but the • 
mill a will run much longer than the mill by 
because the air makes much less resistance 
against the edges of its sails, tlian against the^ 
sides of the sails of 6. 

Draw up the slider again, and set the spring 
upon the pins as before ; then cover the ma- 
chine with the receiver M upon the pump- 
plate, and having exhausted the receiver of air, 
push down the wire PP (through the collar of Fig. I. 
leathers in the heck qj upon the slider ; which 
will disengage it from tlie pins, and allow the 
mills to turn round by the impulse of the 
spring : and as there is no air in the receiver 
to make any sensible resistance against them, ^ 
they will both move a considerable time longer 
than they did in the open air ; and the moment 
that one stops, the other will stop also. — This 
shows that air resists bodies in motion, and • 
that equal bodies meet with different degrees 
of resistance, according as they present greater 
or less surfaces to the air, in the planes of theii^ 
motions. 

3. Take off the receiver M^ and the mills ; Fig. 4 » 
and having put the guinea a and feather h up« 
on the brass flap c, turn up the flap, and shut it 
inta the notch d. Then, putting a wet leather 
over the top of the tall receiver •4B, (it being 
open both at top and bottom) cover it with the 
plate C, from which the guinea and feather 
tongs ed will then hang within the receiver. — ' 
This done, pump the air out of the receiver ;. 
and then draw up the wire / a little, which by 
a square piece on its lower end will open th^ 
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^"'* tongs ed ; and the flap falling down as at e, 
the guinea and feather will descend with equal 
velocities in the receiver ; and both will fall 
upon the pump-plate at the same instant. 

J\*. B. — ^In this experiment, the observers 
ought not to look at the top, but at the bottom, 
of the receiver; in order to. see the guinea and 
feather fall upon the plate ; otherwise, on ac- 
count of the quickness of their motion, they 
will escape their sight. 

II. To show the weight of the air. 

1. Having fitted a brass cap, with a valve 
tied over it, to the mouth of a thin bottle or 
Florence flask, whose contents are exactly 
known, screw the neck of this cap into the hole 
i of the pump-plate : then, having exhausted 
the air out of the flask, and taken it off from 
the pump, let it be suspended at one end of a 
balance, and nicely counterpoised by weights 
in the scale at the other end : this done, raise 
up the valve with a pin, and the air will rush 
into the flask with an audible noise : during 
whicli time, tlie flask will descend, and pull 
down that end of the beam. When the noise 
is over, put as many grains into the scale al, 
♦ the other end as will restore the equilibrhim; 

and tliey will show exactly the weight of the 
quantity of air which has got into the flask, 
and filled it. If the flask holds an exact qtiart, 
it will be found, that 16 grains will restore the 
equipoise of the balance, when the quicksilver 
. stands at 29^ inches in the barometer : which 
shows, that when the air is at a mean rate of 
* density, a quart of it weighs 16 grains ; it 
weighs more when the quicksilver stands high- 
er, and less when it stands lower. 
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2. Place the small receiver O (Fig. 1.) overPi^Ts 
the hole i in the pump-plate^ and upon exhaust- ^^^' 
ing the air, the receiver m^II be fixed down to 
the plate by the pressure of the air on its out- 
side, which is then left to act alone, without 
any air in the receiver to act against it : and 
this pressure will be equal to as many times 

id pounds, as there are square inches in tha^t 
part of the plate which the receiver covers ; 
and will hold down the receiver so fast, that 
it cannot be got off, until the air be let into it 
by turning the cock k ; and then it becomes 
loose. 

3. Set the little glass AB (which is open at ^^s- ^• 
both ends) over the hole i upon the pump- 
plate ZXf, and put your hand close upon the 

top of it at B : then, upon exhausting the air 
out of the glass, you will find your hand pres- 
sed down with a great weight upon it : so that 
you can hardly release it, until the air be re- 
admitted into the glass by turning the cock le; 
which air, by acting as strongly upward against 
the hand as the external air acted in pressing 
it downward, will release the hand from its 
confinement. 

4. Having tied a piece of wet bladder h over Pig. ^ 
the open top of the glass «^, (which is also open 

at bottom) set it to dry, and then the bladder 
will be tight like a drum. Then place the open 
end A upon the pump-plate, over the hole i, 
and begin to exhaust the air out of the glass. 
As the air is exhausting, its spring in the glass 
will be weakened, and give way to the pressure 
of the outward air on the bladder, which, as it 
is pressed down, will put on a spherical con- 
cave figure, growing deeper and deeper, iintil 
the strength of the bladder be overcome by the 
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FiATi weisht of the air ; and then it will Burst with 
^ ' a ivport as loud as that of a gun. — If d: flat 
piece of glass be laid upon the open top of this 
receiver, and joined to it by a flat ring of wet 
leather between them ; upon pumping th^ air 
out of the receiver, the pressure of the out- 
ward air upon the flat glass will break it to 
pieces, 
fig. Y. ^' Immerse the neck cd of the hollow glass 
hall eb in water, contained in the phial aa; 
then set it upon the pump-plate, and cover it 
and the hole i with the close recciv^ Jl ; and 
then begin to pump out the air. As the air 
goes out of the receiver by its spring, it will 
also by the same means go out of the hollow 
ball eh^ througli the neck dc^ and rise up in 
bubbles to the surface of the water in the phi- 
al ; from which it will make its way, with the 
rest of the air in the receiver, through the air- 
pipe GG and valves a and 6, into the open 
air. When it has done bubbling in the phial, 
the ball is sufficiently exhausted ; and then, 
upon turning the cock A:, the air will get into 
the receiver, and so press upon the surface of 
the water in the phial, as to force the water up 
into the ball in a jet, through the neck cd; and 
will iill the ball almost full of water. The rea- 
son why tlie ball is not quite filled, is because 
all the air could not be taken out of it; and 
the small quantity that was left in, and had 
expanded itself so as to fill the whole ball, is 
now condensed into the same state as the out- 
\vard air, and remains in a small bubble at the 
top of the ball ; and so keeps the water from 
filling that part of the ball. 

6. Pour some quicksilver into the jar D^ nnd 
«^t it on the pump-plate near the hole i s iJi^R 
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set on the tall open receiver JLB, so as to be over p^^j» 
the jar and hole ; and cover the receiver withpi^'g/ 
the brass plate C Screw the open glass tube 
fg (which has a brass top on it at TiJ^ into the 
syringe jff, and putting the tube through a hole 
in the middle of the plate^ so as to immerse the 
lower end of the tube e in the quicksilver at D, 
screw the end Ji of the syringe into the plate. 
This done^ draw up the piston in the syringe 
by the ring I, which will make a vacuum in 
the syringe^ below the piston ; and as the up- 
per end of the tube opens into the syringe, the ' 
air will be dilated in the tube, because part of 
it, by its spring, gets up into the syringe ; and 
the spring of the undulated air in the receiver 
acting upon the surface of the quicksilver in 
the jar, will force part of it up into the tube : 
for the quicksilver will follow the piston in the 
syringe, in the same way, and for the same 
reason, that water follows the piston of a com- 
mon pump when it i» raised in the pump- bar- 
rel ; and this, according to some, is done by 
suction. But to refute that erroneous notion, 
let the air be pumped out of the receiver JLBy 
and then all the quicksilver in the tube will fall 
down by its own weight into the jar; and can- 
not be again raised one hair's breadth in the 
tube by working the syringe : which shows that 
suction had no hand in raising the quicksilver ; 
and, to prove that it is done by pressure, let the 
air into the receiver by the cock k (Fig. 1.) and 
its action upon the surface of the quicksilver in 
the jar will raise it up into the tube, although 
the piston of the syringe continues motionless. 
If the tube be about 3S or 33 inches high, the 
quicksilver will rise in it very near as high as it 
then stands at ia the barometer. And, if the 
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Plate syringe have a small hole^ as vif near the top 
**^' of it, and the piston be drawn up above that 
hole, the air will rusli through the holef into the 
syringe and tube, and the quicksilver will im- 
mediately fall down into the jar. If this part 
of the apparatus be air-tight, the quicksilver 
may be pumped up into the tube to the same 
heiglit that it stands at in the barometer ; but 
it will go no higher, because then the weight 
"^ of the column of quicksilver in the tube is the 
same as the weight of a column of air of the 
same thickness with the quicksilver, reaching 
from the earth to the top of the atmosphere. 
Fig. 9. 7- Having placed the jar A with some quick- 
silver in it, on the pump-plate, as in the last 
experiment, cover it with the receiver B; then' 
push the open end of the glass tube de through 
the collar of leathers in the brass neck C (which 
• it fits so as to be air-tight) almost down to the 
quicksilver in the jar. Then exhaust the air 
out of the receiver, and it will also come out of 
the tube, because the tube is close at top. When 
the guage mm shows that the receiver is well 
exhausted, pusli down the tube, so as to im- 
merse its lower end into the quicksilver in the 
jar. Now, althougli the tube is exhausted of 
air, none of the quicksilver will rise into it, 
because there is no air left in the receiver to 
press upon its surface in the jar. But let the 
air into the receiver by the cock 4", and the 
quicksilver will immediately rise in the tube; 
and stand as high in it, as it was pumped up 
in the last experiment. 

Both these experiments show, that the quick- 
silver is supported in the barometer by the pres- 
sure of the air on its surface in the box, in whieh 
the open end of the tube is placed. And that 
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the more dense and heavy the air is^ the higher 
docs the quicksilver rise ; and^ on the contrary^ 
the thinner and lighter the air is^ the more will 
the quicksilver fall. For, if the handle -Fbe 
turned ever so little, it takes some air out of the 
receiver, by raising one or otlier of the pistons 
in its barrel ; and, consequently, that which re- 
mains in the receiver is so much the rarer, and 
has so much the less spring and weight ; and 
thereupon, the quicksilver falls a little in the 
tube : but, upon turning the cock, and re-admit- 
ting the air into the receiver, it becomes as 
weighty as before, and the quicksilver rises 
again to the same height. — Tims we see the 
reason why the quicksilver in the barometer falls 
before rain or snow, and rises before fair wea- 
ther ; for, in the former case, the air is too thin 
and light to bear up the vapours, and, in the 
latter, too dense and heavy to let them fall. 

JV*. J5.— In all mercurial experiments with 
the air-pump, a short pipe must be screwed 
into the hole z, so as to rise about an inch 
above the plate, to prevent the quicksilver from 
getting into the air-pipe and barrels, in case 
any of it should be accidentally spilled over 
the jar : for if it once get into the pipes or bar* 
rels, it spoils them, by loosening the solder, 
and corroding the brass. ^ 

8. Take the tube out of the receiver, and put 
one end of a bit of dry hazel branch, about an 
inch long, tight into the hole, and the other end 
tight into a hole quite through the bottom of a 
small wooden cup : then pouring some quick- 
silver into the cup, exhaust the receiver of air, 
and the pressure of the outward air, on the sur- 
face of the quicksilver, will force it through the 
pores of the hazel, whence it will descend in a 
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Plate beautiful sliowcf into a glass cup placdd under 
the receiver to catch it. 

9. Put a wire through the collar of leathers 
in the top of the receiver, and fix a bit of dry 
wood on the end of the wii'e within the receiver y 
then exhaust the air, and pusli the wire down, 
so as to immerse the wood into a jar of quicksil- 
ver on the pump-plate ; this done, let in the air, 
and upon taking the wood out of the jar, and 
splitting it, its pores will be found full of quick- 
silver, which the force of the air, upon being let 
into the receiver, had driven into the wood. 

^ff. 10. 10. Join tlie two brass hemispherical cups«2 
and B together, with a wet leatlier between 
them, having a hole in tlie middle of it ; then 
screw the end D of the pipe CD into the plate 
of the pump at e, and turn the cock £, so as the 
pipe may be open all the way into the cavity of 
the hemispheres : then exhaust the air out of 
them, and turn the cock a quarter round, which 
will shut the pipe CJD^ and keep out the air. — 
This done, unscrew the pipe at JD from the 
pump, screw the piece Fh upon it at D ; and 
let two strong men try to pull the hemispheres 
asunder by the rings g and A, which they will 
find hard to do : for if the diameter of the he- 
mispheres be 4 inches, they will be pressed to- 
gether by the external air with a force equal to 
190 pounds. And to show that it is the pres- 
sure of the air that keeps them together, hang 
them by either of the rings upon the hook P of 
the wire in the receiver M (Fig. 1.) and upon 
exhausting the air out of the receiver; they 
will fall asunder of themselves. 

11. Place a small receiver O (Fig. 1.) near 
the hole i on the pump-plate, and cover both it 
and the hole with the receiver Mj and turn the 
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wire so by the top P, that its hook may take ^j^tb 
hold of the little receiver by a ring at its top, 
allowing that receiver to stand with its own 
weight on the ^late. Then, upon working the 
pump, the air will come out of both receivers ; 
but the large one M will be forcibly held down 
to the pump by the pressure of the external air ; 
while the small one O, having no air to press 
upon it, will continue loose, and may be drawn 
up and let down at pleasure, by the wire PP. 
But, upon letting it quite down to the plate, 
and admitting the air into the receiver J&, by 
the cock At, the air will press so strongly upon 
the small receiver O, as to fix it down to the 
plate ; and at the same time, by counterbalanc- 
ing the outward pressure on the large receiver 
•W, it will become loose. This experiment shows 
evidently that the receivers are held down by 
pressure, and not by suction, for the internal 
receiver continued loose while the operator Was 
pumping, and the external one was held down; 
but the former became fast immediately by let- 
ting in the air upon it. 

12. Screw the end Jl of the brass pipe ABF^^S ii* 
into the hole of the pump-plate, and turn the 
eock e until the pipe be open ; then put a wet 
leather upon the plate cd, fixed on the pipe, and 
cover it with the tall receiver 6r/f, which is 
close at top : then exhaust the air out of the 
receiver, and turn the cock e to keep it out ; 
which done, unscrew the pipe from the pump, 
set its end A into a bason of water, and turn 
the cock e to open the pipe ; on which, as theip 
is no air in the receiver, the pressure of the at- 
mosphere on the water in the bason will drive 
the water forcibly through the pipe, and make 
it play up in a jet to the top of the receiver- - 
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13. Sci; the square phial J. (Fig. 14.) upon 
Ihe pump-plate, and having covered it with the 
wire cage B, put a close receiver over it^ and 
exhaust the air out of the receiver ; in doing 
which^ the air will also make its way out of 
the phial through a small hole in' its neck un- 
der the valve b. When the air is exhausted^ 
- turn the cock below the plate, to re-admit the 
air into the receiver : and as it cannot get into 
the phial again, because of the valve^ the phial 
will be broken into some thousand pieces by 
the pressure of the air upon it. Had the phial 
been of a round form^ it would have sustained 
this pressure like an arch, without breaking: 
but as its sides are flat^ it cannot. 



To show the elasticity or spring of the air. 

14. Tie up a very small quantity of air in a 
bladder, and put it under a receiver ; then ex- 
haust the air out of the receiver ; and the small 
quantity which is confined in the bladder, (hav- 
ing nothing to act against it) will so expand itself 
by the force of its spring, as to fill the bladder 
as full as it could be blown of common air. — 
But upon letting the air into the receiver again, 
it will overpower the air in the bladder, and 
press its sides almost close together. 

15. If the bladder so tied up be put into a 
wooden box, and have SO or 30 pound weight 
of lead put upon it in the box, and the box 
be covered with a close receiver; upon ex- 
hausting the air out of the receiver, that air 
which is confined in the bladder will so expand 
Itself as to rai^se up all the lead by the force of 
its spring. 
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16. Take the class ball mentioned iii theP^ATB 
fifth experiment^ which was left full of water, p^gY 
all but a small bubble of air at top, and having 

set it with its neck downward into the empty 
phial da^ and covered it with a close receiver, 
exhaust the air out of the receiver, and the 
small bubble of air in the top of the ball will 
expand itself, so as to force all the water out 
of the ball into the phial. 

17. Screw the pipe j1£ into the pump-plate, Fig. it- 
place the tall receiver GU upon the plate cd, 

as in the twelfth experiment, and exhaust the 
air out of the receiver ; then turn the cock e to 
keep out the air, unscrew the pipe from the 
pump, and screw it into the mouth of the cop- 
per vessel CCy (Fig. 15.) the vessel liaving first 
been about half-filled with water. Then open 
the cock e, (Fig. 11.) and the spring of the air 
which is confined in the copper vessel will force 
the water up through the pipe AB in a jet into 
the exhausted receiver, as strongly as it did by 
its pressure on the surface of the water in a ba- 
son, in the twelfth experiment. 

18. If a fowl, a cat, rat, mouse, or bird, be 
put under a receiver, and the air be exhausted, 
the animal will be at first oppressed as with a 
great weight, then grow convulsed, and at last 
expire in all the agonies of a most bitter and 
cruel death. But as this experiment is too 
shocking to every spectator who has the least 
degree of humanity, we substitute a machine 
called the lungs-glass in place of the animal. 

19. If a butterfly be suspended in a receiver, 
by a fine thread tied to one of its horns, it will fly 
about in the receiver, as long as the receiver 
continues full of air ; but if the air be exhausted,, 
though the animal will not die, and will continue 
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^'^^TB to flutter its wiiisrs, it cannot remove itself from 
the place where it hangs in the middle of the 
receiver, nntil tlie air be let in again, and then 
the animal will fly about as before. 

piff 12. 20. Pour some quicksilver .into the small bot- 
tle Jlj and screw the brass collar c of the tube 
BC into the brass neck b of the bottle, and the 
lower end of the tube will be immersed into the 
quicksilver, so that the air above the quicksilver 
in the bottle will be confined there, because it 
cannot get out about the joinings, nor can it be 
drawn out through the quicksilver into the tube. 
This tube is also open at top, and is to.be cover- 
ed with the receiver 6? and large tube JB-F, which 
tube is fixed by brass collars to the receiver, and 
is close at the top. This preparation being made, 
exhaiist the air both out of the receiver and its 
tube ; and the air will, by the same means, be 
exhausted out of the inner tube J5C, through 
its open top at C: and as the receiver and tubes 
are exhausting, the air that is confined in the 
glass bottle j1 will so press by its spring upon 
the surface of the quicksilver, as to force it up 
in the inner tube as high as it was raised in 
the ninth experiment by the pressure of the at- 
mosphere ; which demonstrates that the spring 
of the air is equivalent to its weight. 

Fig. 13. 21. Screw the end C of the pipe CJ) into the 
bole of the pump-plate, and turn all the three 
cocks dy 6r, and tf^ so as to open the commu- 
nications between all the three pipes £, F, DC^ 
and the hollow trunk AB. Then, cover the 
plates g and h with wet leathers, which have 
holes in their middle where the pipes open into 
the plates; and place the close receiver / upon 
the plate g : this done, shut the pipe Fhy turn- 
ing the cock JI, and e^chaust the air out of the 



OffhB dir-pump. 219 

receiver J. Then, turn the cock d to shut out^i^" 

XIV 

the air^ unscrew the machine from the pump^ 
and, having screwed it to the wooden foot Ly 
put the receiver jBT upon the plate hf this re- 
ceiver will continue loose on' the plate as long 
as it keeps full of air ; which it will do until the 
cock H be turned to open the communication 
between the pipes i^and E^ through the trunk 
•iB / and then the air in the receiver JT, having 
nothing to act against its spring, will run from 
IC into J, until it be so divided between these . 
receivers, as to be of equal density in both ; and 
then they will be held down with equal forces 
to their plates by the pressure of the atmosphere; 
though each receiver will then be kept down 
but with one half of the pressure upon it, that 
the receiver I had, when it was exhausted of 
air; because it has now one half of the common 
air in it which filled the receiver JET when it was 
set upon the plate ; and therefore a force equal 
to half the force of the spring of common air, 
will act within the receivers against the whole 
pressure of the common air upon their outsides. 
This is called transferring the air out of one 
vessel into another. 

SS. Put a cork into the square phial •i, and ^'^s- 14, 
•fix it in with wax or cement; put the phial up- 
on the pump-plate with the wire-cage B over it, 
and cover the cage with a close receiver. Then, 
exhaust the air out of the receiver, and the air 
that was corked up in the phial will break the 
phial by the force of its spring, because there 
is no air left on the outside of tlgie phial to act 
against the air within it. 

23. Put a shrivelled apple under a close re- 
ceiver, and exhaust the air ; then the spring of 
Uie air within the apple will plump it out^ so as 



S30 (If the Mr^pump. 

« 

to cause all the wrinkles to disappear; but up- 
on letting the air into the receiver again^ to 
press upon the apple^ it will instantly return 
to its former decayed and shrivelled state. 

S4<. Take a fresh egg^ and cut off a little of 
the shell and film from its smallest end^ then 
put the egg under a receiver^ and pump out the 
air ; upon this^ all the contents in the egg will 
be forced out into the receiver, by the expan- 
sion of a small bubble of air contained in the 
greater end, between the shell and film. 

S>S). Put some warm beer into a glass, and 
having set it on the pump, cover it with a close 
receiver, and then exhaust the air. While this. • 
is doing, and thereby the pressure more and 
more taken off from the beer in the glass^ the 
air therein will expand itself, rising up in in- 
numerable bubbles to the surface of the beer ; 
and from thence it will be taken away with the 
other air in the receiver. When the receiver is 
nearly exhausted, the air in the beer, which 
could not disentangle itself quick enough to 
get off with the rest, will now expand itself so 
as to cause the beer to have all the appearance 
of boiling ; and the greatest part of it will go 
over the glass. 

S6. Put some wai-m water into a glass, and 
put a bit of dry wainscot or other wood into the 
water. Then, cover the glass with a close re- 
ceiver, aud exhaust the air ; upon this, the air 
in the wood having lil)erty to expand itself, 
will come out plentifully, and make ail the 
water to bubble about the wood, especially 
about the ends, because the pores lie length* 
wise. A cubic inch of dry wainscot has so 
much air in it, that it will continue bubbling 
for near half an hour tosjethcr. 



Of the Air-pump. S21 

Miscellaneous Experiments. 

37. Screw the syringe H (Fig. 8.) to a piece Plate 
of lead that weighs one pound at least ; and, ^^' 
holding the lead in one hand, pull up the pis- 
ton in the syringe with the other ; then quitting 
hold of the lead, the air will push it upward, 
and drive back the syringe upon the piston. — 
iThe reason of this is, that the drawing up of 
'the piston makes a vacuum in the syringe, and 
the air, which presses every way equally, hav- 
ing nothing to resist its pressure upward, the 
lead is thereby pressed upward, contrary to its 
natural tendency by gravity. If the syringe, so 
loaded, be hung in a receiver, and the air be 
exhausted, the syringe and lead will descend 
upon the piston rod by their natural gravity ; 
and upon admitting the air into the receiver, 
they will be driven upward again, until the 
piston be at the very bottom of the syringe. 

28. Let a large piece of cork be suspended 
by a thread at one end of a balance, and coun- 
terpoised by a leaden weight, suspended in the 
same manner, at the other. Let this balance be 
hung to the inside of the top of a large receiver; 
which being set on the pump, and the air ex- 
hausted, the cork will preponderate, and show 
itself to be heavier than the lead ; but upon 
letting in the air again, the equilibrium will be 
restored. The reason of this is, that since the 
air is a fluid, and all bodies lose as much of their 
absolute weight in it as is equal to the weight 
of their bulk of the fluid, the cork, being the 
laj^r body, loses more of its real weight than 
the lead does ; and therefore must in fact be 
heavier, to balance it under the disadvantage of 
Ifosing some of its weight : which disadvantage 
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being taken oif by removing the air, the bodies 
then gravitate according to their real quantities 
of matter, and the cork, .which balanced the 
lead in air, shows itself to be the heavier when 
in vacuo. 

J\r. B. The cork must be previously covered 
over with a piece of thin wet bladder, glued 
to it, and then thoroughly dried. 
^ S9. Set a lighted candle upon the pump, and 
cover it with a tall receiver. If the receiver hold 
a gallon, the candle will burn a minute ; and 
then, after having gradually decayed from the 
first instant, it will go out: this shows, that a 
constant supply of fresh air is necessary to feed 
flame ; as it also is for animal life* For a bird 
kept under a close receiver will soon die, al- 
though no air be pumped out ; and it is found 
that, in the diving-bell, a gallon of air is suffi- 
cient for a man to breathe in, only for one minute. 

The moment that the candle goes out, the 
smoke will be seen to ascend to the top of the 
receiver, and will there form a sort of cloud i 
but, upon exhausting the atr, the smoke will 
fall doA. n to the bottom of the receiver, and 
leave it as clear at the top as it was before it was 
set upon the pump. This shows, that smoke 
does not ascend on account of its being posi- 
tively light, but because it is lighter than air; 
and its falling to the bottom when the air is 
taken away, shows that it is not destitute of 
weight Thus, most sorts of wood ascend or 
swim in water; and yet there are none who 
doubt that wood has gravity or weight. 

30. Set a receiver, which is open at top, upcHi 
the air-pump, and cover it with a brass plate. ' 
and wet leather; then haying exhausted it of aif, 
let the air in again at top tlurough an iron pipi; 
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thaking it pass through a charcoal-flaine at the 
end of the pipe ; and when the receiver is full 
of that air^ lift up the cover^ and letting down 
a mouse or bird into the receiver^ the burnt air 
will immediately kill it- If a candle be let down 
into that air, it will instantly go out ; but, by 
letting it down gently, it will purify the air so 
far as it goes ; and so, by letting it down more 
and more, the flame will drive out the bad air^ 
and good air will get in. 

31. Set a bell upon a cushion on the pump- 
plate, and cover it with a receiver j then shake 
the pump to make the clapper strike against the 
bell, and the sound will be very well heard i k 
but, exhaust the receiver of air, and then, if 
the clapper be made to strike ever so hard against 
the bell, it will make no sound at all ; which 
shows, that air is absolutely neceseai-y for the 
propagation of sound. 

3S. Let a candle be placed on one side of a 
receiver, and viewed through the receiver at 
some distance ; then, as soon as the air begins 
to be exhausted, the receiver will be filled with 
vapours which rise from the wet leather, by 
the spring of the air in it ; and the light of the 
candle, being refracted through that medium of 
vapours, will have the appearance of circles oi 
Various colours, of a faint resemblance to those 
in the rainbow. 

The air-pump was invented by Otho Gue- 
rick, of Magdeburg, but was much improved 
by Mr. Boyle, to whom we are indebted foi* 
our greatest part of the knowledge of the won^ 
derful properties of the air, demonstrated in the 
&bove expenwents«^ 

* The air^^vip was invented in 1654> and afterwards much 
improved hy tk- Hooke; Mr. Hawksbee, and Gravesande. Tbft 
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The elastic air which is contained in many 
bodies^ and is kept in them by the weight of 
the atmosphere^ may be got out of them either 
by boiling, or by the air-pump, as shown in 
the 25th experiment : but the fixed air, which 
is by much the greater quantity, cannot be got 
out but by distillation, fermentation, or putre- 
faction. 

If fixed air did not come out of bodies with 
difficulty, and spend some time in extricating 
itself from them, it would tear them to pieces. 
Trees would be rent by the change of air from 
a fixed to an clastic state, and animals would 
be burst in pieces by the explosion of air in 
their food. 

Dr. Hales found by experiment, that the air 
in apples is so much condensed, that if it were 



^eatest improvement, however, upon this instrument we owe to 
the ingenious Mr. Smeaton, (see Pbil. Trans, vol. xlvii.) Smea- 
ton's air-pump has lately been much improved by Mr. Haas, who 
has likewise invented another of his own. The nrst is described 
in the Phi). Trans, vol. Ixxiii. and the last in Cavallo's Nat Phil, 
vol. ii, p. 472. New air-pumps have also been constructed by Mr. 
Prince, an American gentleman, and Mr. Cuthbertson, philoso- 
phical instrument-maker, London ; both of which are described in 
the Encyclopaedia Britannica, article Pneumatics. Mr. Smeaton's 
air-pump, and that which was first constructed by Mr. Haas, may 
be employed as a condensing enjj^ine, merely by changing the 
communication between the plate of the pump and the cylinders. 
About a year ago, a mercurial air-pump was invented by Si» A. 
N. Edelora^tx, counsellor of the chancery, and private secre- 
tary to the king of Sweden. Its exhausting power is unlimited j 
a propei-ty which no other air-pump possesses. It operates by 
means of mercury, raised and lowered in a wooden cylinder by a 
plug, and the upper communication with the receiver is made 
through an iron cock. Excepting this cock, all the parts of the 
machine may be executed by common workmen. A descriptioii 
of this air-pump by its inventor, may be seen in Nicholson's 
Journal for March 1804, No. 27. Mr. Mendelsshon, a mathema- 
tical instrument-maker in London, has simplified the air-puinp 
considerably. He makes the cylinders of glads, and the pistons 
of tin, so as to be air-tight without the interposition of leathers. 
See the Journal already quoted for March 1305, No. 39. p. 204— 
£. Ed. 
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let out into the common air^ it would fill a space 
^ times as great as the bulk of the apples 
themselves ; so that \U pressure was equal to 
11770 lb. and in a cubic inch of oak^ to 19860 
lb. against their sides. So that if the air were 
let loose at once in these substances^ they 
would tear every thing to pieces about them^ 
with a force superior to that of gunpowder. . 
Hence^ in eating apples, it is well that they 
part with the air by degrees, as they are chew- 
ed, and ferment in the stomach, otherwise an 
apple would be immediate death to him who 
eats it. 

The mixing of some substances with others, 
will release the air from them, all of a sudden, 
which may be attended with very great danger. 
Of this we have a remarkable instance in an 
experiment made by Dr. Slare ; who, having 
put half a dram of oil of caraway seed into one 
glass,* and a dram of compound spirit of nitre 
in another, covered them both on the air-pump 
with a receiver 6* inches wide, and 8 inches 
deep, and then exhausted the air, and continu- 
ed pumping until all that could possibly be got 
both out of the receiver, and out of the two 
• flnids, was extricated : . then, by a particiilar 
contrivance from the top of the receiver, he 
mixed the fluids together; upon which they 
produced such a prodigious quantity of air, as 
instantly blew up the receiver, although it was 
pressed down by the atmosphere with upward 
of 400 pounds weight.* 

• The tdr-gtm is an instrument of sufficient importance to de- 
• 8erve notice in h treatise on experimental philosophy. It consists 
of & barrel, to which is attached a concave ball* furnished with 
an air-valve. When this ball is filled with condensed air, by 
means of a condensing syringe, it is screwed below ihe barrel in 
such a manner, that the valve may be opened by pulling the trig- 
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ger of the lock. The condensed air being thus allowed to es- 
cape, impels the bullet in the barrel with a very considerable mo* 
menturo. Twelve pennyweights of j»ir being tjius injected into a 
ball 3 j inches in diojneter, has been found to drive out fifteen 
balls successively with great velocity. &onai.*imes the air-gun 
has two barrels, the space between which is tlie receptacle fur the 
condensed air. In this case, the condenser is fixed to the barrel, 
and comes through the butt-end of the gun. 

The magazine air-gun is furnished with a winding or serpentine 
barrel, which holds about a dozen balls. These are introduced 
one after another into the straight barrel by means of a lever, and 
may be discharged with $uch rapidity as to answer the purpose 
of several guns. 

When the concave ball is filling with condensed air by means 
pf the syringe, a flash of light is often perceived, capable of kin- 
dling a piece of match. This curious fact must have some con- 
nexion with the ri^e of the mercury in the thermometer wbeg 
placed in condensed air, as mentioned in a preceding note.— 7 
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LIGHT consists of an inconceivably great 
number of particles flowing from a luminous* 
body in all manner of directions ; and these 
particles are so small^ as to surpass all humah 
comprehension. 

That the number of particles of light is in- 
conceivably great^ appears from the light of a 
candle ; which, if there be no obstacle in the 
way to obstruct the passage of its rays, will fill 
all the space within two miles of the candle, ^ 
everyway, with luminous particles, before it has 
lost the least sensible part of its substance. 

A ray of light is a continued stream of these 
particles; flowing fpom any visible body in a 
straight line : and that the particles themselves 
are incomprehensibly small, is manifest from 
the following experiment.-:-Make a small pin- 
hole in a piece of black paper, and hold the 
paper upright on a table facing a row of can- 
dles standing by one another; then place a 
she^t of pasteboard at a little distance behind 
the paper, and some Qf the rays which flow 
from all the candles through the hole in the 
paper will form as mauy specks of light on the 
pasteboard as there are candles on the table 
l^efore the plate, each speck being as distinct 
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Theamaz- and clcar as if there were only one speck from 

toL oTthe ^^^ single candle : which sliows^ that the par- 

particies ticles of light 8X6 exceedingly small^ otherwise 

of light, ji^^y could not pass through the hole from so 

many different candles without confusion. — 

Dr. Niewentyt has computed tlial there flows 

more than 6,000,000,000,000 times as many 

particles of light from a cniidle in one second 

of time^ as there would be grains of sand in 

the whole earthy supposing each cuhic inch of 

it to contain 1,000,000.* 

' These particles by falling directly upon our 

eyes, excite in our minds the idea of liglit. — 

When they fall upon bodies, and are thereby 

reflected to our eyes, they excite in us the ideas 

of these bodies. And as every point of a visible 

body reflects the rays of light in all manner of 

directions, every point will be visible in every 

part to which the light is reflected from it. — 

Plate Thus, the objcct ACB is visible to an eye in 

^y- - any part where the rays Jla^ M^ Jlc^ JSLd^ Ae^ 

^^ • jBa, jBb, JBc, Bd, Be, and Oa, Cb, Cc, Cd, Ce, 

come. Here we have shown the rays as if they 

were only reflected from the ends A and JB, 

and from the middle point C of the object; 



* These remarkable facts have been used as arguments against 
the materiality of licjht, and as proofs of the theory of Huygens 
and Euler, which has lately been revived by Dr^ Young of th^ 
Royal Institution. All objections, however, of this kind Vanish 
when we attend to tlie continuation of the impression of light 
upon the retina, and to tlic small number of lumiiious p&ni<^ 
which are on that acconnt necessarj- ior producing" constant vi- 
sion. It appears from the accurate experiments of M. D'Arcy, 
CMem. Mad, Par. 1765. p. 450, PriestL'y on Vision^ vol, 2, p. 634,J 
that tiie impression of light upon the re in a continues two wimitt* 
^i\A forty aecends; and as a particle of lii^ht will move \hirty-two 
millions of miles, during' that time, constant vision would be 
maintained by a succession of luminous particles, tbirty-tifO 
millions of miles distant from rach other. — ^E. £d. 
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every other point being supposed to reflect p^am 
rays in the same manner. So that wherever Reflected 
a spectator is placed with regard to the body, lighu 
every point of that part of the surface which 
is toward him, will be visible, when no in- 
tervening object stops the passage of the 
light. 

As no object can be seen through the bore 
of a bended pipe, it is evident that the rays of 
light move in straight lines, while there is 
nothing to refract or turn them out of their rec- 
tilineal course* 

While the rays of light continue in any* 
medium of uniform density, they are straight ; 
but when they pass obliquely out of one me- 
dium into another, which is either more dense 
or more rare, they are refracted toward the 
denser medium : and this refraction is more or 
less, as the rays fall more or less obliquely 
on the refracting surface which divides the 
mediums. 

To prove this by experiment, set the empty Fig. 2. 
vessel ABCD into any place where the sun ^ 

shines obliquely, and observe the part where 
the shadow of the edge^^C falls on the bottom 
of the vessel at E ; then fill the vessel with 
water, and the shadow will reach no farther 
than e ; which shows, that the ray aBE^ which 
came straight in the open air, just over the 
edge of the vessel at B to its bottom at Ey is 
refracted by falling obliquely on the surface of Refracted 
the water at B; and instead of going on in tl^e ^^^^^ 
rectilineal direction oBEy it is bent downward 

* Any thin{^ through which the rays of light can pass, is call- 
ed a medium ; as air, water, glass, diamond, or evea.a vacuum. 
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^ in the Avater from Bio e ; the whole bend be- 
ing at the surface of the water : and so of all 
the other rays ahc. 

If a stick be laid over the vessel^ and the 
sun^s rays be reflected from a glass perpendi- 
cularly into the vessel, the shadow lof the stick 
will fall upon the same part of the bottom, 
whether the vessel be empty or full, wbich 
shows, that the rays of light are not refracted 
when they fall perpendicularly on the surface 
of any medium. 

The rays of light are as much refracted by 
passing out of water into air, as by passing out 
of air into water. Thus, if a ray of light flows 
from the point ^, under water, in the direction 
eBj when it comes to the surface of the water 
at JB, it will not go on thence in the rectilineal 
course Bd^ but will be refracted into the line 
Ba: Therefore, 

To an eye at e looking through a plane glass 
in the bottom of the empty vessel, the point a 
cannot be seen, because the side Be of the ves- 
^ sel interposes ; and the point A will just be seen 

over the edge of the vessel at B. But if the 
vessel be filled with water, the point a will be 
seen from e ; and will appear as at rf, elevated 
in the direction of the ray eJB.* 

* Hence a piece of money lying at e^ in the bottom of an empty 
vessel, cannot be seen by an eye at a, because tlie edge of the 
vessel intervenes ; but let ihe vessel be filled with water, and the 
ray e a being then reft-acted at //, will sti Ire the eye at a, and 
so render tlie money visible, which will Ai-j-^ar as if it were rais- 
ed up to /in the line aBf. A. 

' If the piece of money mentioned in the preceding note be a six^ 
pence or a shilling, and if it be placed at the bottom of a wine- 
glass, a curious optical deception will take place. The real piece 
of money will be seen near ihe surface of the water, while aiUH 
ther piece similar to a liaif-crowh or crc^wn, will appear at the 
bottom of the glass. The cause of this is obvious. — E. Ed. 
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The time of sun-riising or sun-settings sup- ^*^^*» 
posing its rays to suffer no refraction, is easily 
found by calculation. But observation proves The days 
that the sun rises sooner, and sets later every JJi^j^* by 
day, than the calculated time : the reason of therefrac 
which is plain, from what has been said imme- sw^a^ws! 
diately above ^ For, though the sun's rays do not 
come part of the way to us through water, yet 
they do through the air or atmosphere, which^ 
being a grosser medium than the free space be- 
tween the sun and the top of the atmosphere^ 
the rays, by entering obliquely into the atmos- 
phere, are there refracted, and thence bent down 
to the earth. And although there are many 
places of the earth to which the sun is vertical 
at noon, and consequently his rays can suflfer 
no refraction at that time, because they come 
perpendicularly through the atmosphere : yet 
there is no place to which the sun's fays do not 
fall obliquely on the top of the atmosphere, at 
his rising and setting ; and, consequently, no 
clear day in which the sun will not be visible be- 
fore he rises and after he sets in the horizon : 
and the longer or shorter, as the atmosphere is 
more or less replete with vapours. For, let JLBC Fig. 3. 
be part of the earth's surface, DEF the atmos* 
phere that covers it, and EBGH the sensible 
horizon of an observer at B. As every point 
of the sun^s surface sends out rays of light in 
nil manner of directions, some of his rays will 
constantly fall upon, and enlighten, some half 
of the atmosphere ; and, therefore, when the 
sun is at J, below the horizon jET, those rays 
which go on in the free space Jfc jE* preserve «, 
rectilineal course until they fall upon the top of 
the atmosphere, and those which fall so about 
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R\ are refracted at their entrance into the at- 
mosphere^ and bent down in the line KmBy to 
the observer's place at B: and therefore, to 
him, the sun will appear at Z, in the direction 
of the ray BmK^ above the horizon BGH^ 
when it is really below it at I. 

The angle contained between a ray of light, 
and a perpendicular to the refracting surface, is 
^gi« 0/ called the angle of incidence ; and the angle 
incidence. ^Qntajued bctwcen the same perpendicular, and 
.9n^!e of the samc ray after refraction, is called the angle 
^f'^''^*^^' of refraction. Thus, let ZJB^I be the refracting ■ 
*^' ' surface of a medium (suppose water) and JiBC 
a perpendicular to that surface : let BB be a 
ray of light, going out of air into water at B^ 
and therein refracted in the line BHf the an- 
gle mSBD is the angle of incidence, of which 
DF is the sine ; and the angle KBH is the 
angle of refraction, whose sine is KI. 

When the refracting medium is water, the 
sine of the angle of incidence is to the sine of 
the angle of refraction as 4 to 3 ; which is con- 
firmed by the following experiment, taken from 
Dr. Smith's Optics. 

Describe the circle BJlEC on a plane square 
board, and cross it at right angles with the 
straight lines JIBC^ and LBM; from the in- 
tersection ti, with any opening of the compas- 
ses, set off the equal arcs MD and AE^ and 
draw the right line BFE : then, taking JRi, 
which is three quarters of the len^h FEy from 
the point a, draw al parallel to JSIBR^ ai|d 
join KI parallel to BM: so JT/will be equal 
to three quarters of FE or oiBF. This done» 
fix the board upright upon the leaden pedestal 
Oy and stick . three pins peipendicularly into 
the boaid^ at the points JD^ By ancl J.* then set 
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the board upright in the vessel VUT, and fill 
it up with water to the line LBM. When the 
water has settled^ look along the line JBJB, so 
as to see the head of the pin B over the head 
of the pin D ; and the pin / will appear in the 
(^ame right line produced to^ 6?, for its head 
will be seen just over the head of the pin at B; 
which shows^ that the ray JB, coming from the 
pin at Ij is so refracted at B^ as to proceed 
from thence in the line JBD, to the eye of the 
observer ; the same as it would do from any 
point G in the right line DBG^ if there were 
no water in the vessel : and also^ that JKJ^ the 
sine of refraction in water, is to JOF, the sine 
of incidence in the air, as 3 to 4,* 

Hence, if DBH were a crooked stick put 
obliquely into the water, it would appear a 
straight one, as BBG. Therefore, as the line 
BH appears at BG^ so the line -86? will appear 
at Bg ; and, consequently, a straight stick 
BBG put obliquely into the water, will seem 
bent at the surface of the water in jB, and 
crooked, as BBg. 

When a ray of light passes out of air into 
glass, the sine of incidence is to the sine of re* 
fraction, as 3 to S ; and when out of air into a 
diamond, as 5 to 2. f » 

♦ This is strictly true of the red pays only, for the other co- 
loured rays are differently refracted ; but the difference is so 
small, that it need not be considered in this place. 

f An acqoiuntance with this property of light is useful to di- 
vers, and those who are accustomed to shoot fish in the water. 
For if they should aim directly at the object* the diver and the 
l>ullet would atrire at a point considerably beyond it : whereas, 
hy haying some idea of the depth of the water, and the Angle 
whidi a line drawn from the eye to the object make with its sur« 
Ik^y the point at the bottom of the water, between the eye and 
tbei. object at wluch the aim is to be taken, may be easily deter- 
' "J. Bp, 
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Fig. 5. Glass may be ground into eight different 
shapes at leasts for optical purposes, viz. 

1. A plane glass J which is flat on both sides^ 
and of equal tliickness in all its parts^ as A. 
lienses. 2. A plano-convex^ which is flat on one side, 
and convex on the other, as B. 

3. A double convex^ which is convex on both 
■fiides, as C. 

4f. A plano-concave^ which is flat on one side, 
and concave on the other, as D. 

5. A dovJble concave^ which is concave on 
both sides^ as £. 

6. A meniscuSy which is concave on one side, 
and convex on the other, as F. 

7. A flat plano-convex y whose convex side 
is ground into several little flat surfaces, as G. 

8. A prism^ which has three flat sides, and 
when viewed endwise, appears lil^e an equila-r 
teral triangle, as H. 

Glasses ground into any of the shapes, By 
C, Dy Ef Fj are generally called lenses. 

A right line LIK^ going perpendicularly 
through the middle of a lens, is called the axis 
of the lens. 
Fig, 6. A ray of light Gh^ falling perpendicularly 

on a plane glass EF", will pass through the 
# glass in the same direction hi^ and go out of it 

into the air in the same right course iH. 

A ray of light tiJB, falling obliquely on a 
plane glass, will go out of the glass in the same 
direction, but not in the same right line ; for, in 
touching the glass, it will bp refracted in the 
line jBC, and in leaving the glass, it will be re- 
fracted in the line CD. 
fiS' 7. A ray of light CD, falling obliquely on the 

middle of a convex glass, will go forward in 
the same direction BE, as if it had fallen with 



Of Optics. S35 

the same deree of obliquity on a plane glass ; pj^" 
and will go out of the glass in the same direc- 
tion with which it entered : for it will be equal- 
ly refracted at the points D and E, as if it had 
passed through a plane surface. But the rays 
CG and CI will be so refracted, as to meet 
again at the point F. Therefore, all the rays 
which flow from the point C, so as to go through 
tiie glass, will meet again at F: and if they go 
farther onward, as to i, tliey cross at JP, and go 
forward on the opposite sides of the middle i-ay 
CDEF^ to what they were in approaching it in 
the directions HF and KF. 

When parallel rays, as ABC^ fall directly Fig. 8. 
upon a plano-convex glass BE^ and pass '^*^«.P''o- 
through it, they will be so refracted, as to unite different 
in a point/ behind it : and this point is called lenses, 
the principal focus : the distance of which, 
from the middle of the glass, is called the/oca^ 
distance ; and is equal to twice the radius of 
the sphere of the glass's convexity. And, 

When parallel rays, as ABC, fall directly pig. 9. 
upon a glass BEy which is equally convex on 
both sides, and pass through it ; they will be so 
refracted, as to meet in a point or principal focus 
f whose distance is equal to the radius or semi- 
diameter of the sphere of the glass's convexity. 
But if a glass be more convex on one side than 
on the other, the rule for linding the focal dis- 
tance is this ; — as the sum of the semidiameters 
of both convexities is to the semidiameter of 
either, so is double the semidiameter of the 
other to the distance of the focus. Or, divide 
the double product of the radii by their sum, 
and the qudient will be the distance sought. 

Since all those rays of ihe sun which pass 
through a convex glass are collected together 
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if: in its foeus^ ilie foree of all their heat is eol 
lected into that part ; and is in proportioti ta 
the common heat of the sun^ as the area <if the 
glass is to the area of the foeus.^ Henee we 
see the reason, why a conyex glass causes tto 
sun'fr rays to burn after passing throng it* '•. 

All these rays cross the middle ray in the 

. focus ^ and then diverge from it^ to the comtraf 

ory sides l^£r^ in the same manner as they eon* 

verged in the space I^E in coming to it» " , . . 

u another gja^ss FG, of the same conveid^ 
as DE^ be placed in the rays at the same.^B^ 
tance firom the focus^ it will refract them «% M' . 
that after going out dT it^ they will be jail pAfil^!^ 
, / : J lel^ as abc; and go on in the same mawmf 4^ i; 
they came' to the first glass DM, through >^ i 
spac^ •IBC ; but on the contrary . sides Qf ,lJNh 
; . nudcQe ray Bfh: for the ray JLif will go «li 

from fm the. direction /6ra^ and the ray Oj^f 
in the direction /Fc; .and so of the restt vir ^' 

The rays diverge from any radiant poiiris^ tt. 1 
from a principal focus : therefore^ if a candle I 
be placed at^ in the focus of the eonvex glalifi 1 
jF6r, the diverging rays in the space FfQ nljjt 
be so refracted by the glass^ as^ that after j|^*. 
ing out of it^ they will become parallel^ . «|- 
shown in the space c&a. .:. .' 

If the candle be placed nearer the glass tfedift ■•''■ 
h its focal distance^ the rays will divei|;e llll^ ..; 

passing through the glass^ more <v tepiy M Wv 
candle is more or less distant fipj^lfta ffi»en0» 

If the candte be placed farjihef Craim ihe^i^b^^ 
than its focal dntance^ the -ftiys will comm^ 
^' passing through the glass^ and in^^^feji^ - 
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point which will be more or less distant from 
the glass, as the candle is nearer to, or farther 
from its focus, and where the rays meet, they 
will form an inverted image of the fiame of the 
candle ; which may he seen on a paper placed 
in the meeting of the rays.* 

Hence, if any object ABC be placed beyond i^i-ate 
the focus F of the convex glass def^ some of j-jg^'x. 
the rays which flow from every point of the 
object, on the side next the glass, will fall up- 
on it, and after passing through it, will be 
converged into as many points on the opposite 
side of the glass, where the image of every 
point will be formed : and, consequently, the 
image of the whole object ; which will be in- 
verted. Thus, the rays Ad^ Ae, Af^ flowing 
from the point A^ will converge in the space 
dafy and by meeting at a, will there form the 
image of the point A. The rays j?rf, Be^ Bfy 
flowing from the point jB, will be united at ft 
by the refraction of the glass, and will there 
form the image of the point B. And the rays 
Crf, Ce, Cf, flowing from the point C, will be 
united at c, where they will form the image of 
the point C. And so of all the other inter- 
mediate points between A and C The rays 
which flow from every particular point of the . 

• The radiant point, or the point where the candle is placed, 
and the point where the image is formed, are called conjugate fo- 
ci s io that, though every lens has only one principal foctta^ yet its 
cohjugate foci.are .innumerable, varying with the distance of the 
radiant point. If the distance of the radiant point from the 
centre of the lens be four inches, and the distance of the image 
BIZ inches, then, on the contrary, the distance of the image will 
be four, when the distance of the radtant point is six mches. 
Thus (Plate XVI, Fig. 1,) if an object ABC, placed before 
the lens 4^ forms behind it the image cba, at the distance eb^ 
then the same object placed at b would form an image at the dis- 
tance ejB.—- E. Bo. 



# 



object, are united agsin by tiie glaaif are eaU ' 
tApentnla of rays. 
. u the object ^BC be brought nearer to A* 
glassj the pieto^ abe will be remoTed tfttt 
greater distance. For then, more .rays itMP^. 
mg from every single point, will fall sMk 
divergent npon the glass ; and, therefocc^ ew^ 
• not be so soon collected into the eorresoMi^' 
ing points behind it. Conseqnentlyy n thi( 
distance of the object ABC be eqiad to4* 
Stance eB of the focas of the glass, te'i^p^:^ 
of each pencil will be so refracted by-'i 



through the glass, that they will go otttlii 
parallel to each other ; as dl, eU, fk, ^m$\ 
the point C; AG, eK, fB, from the pMSlr^ ^ 
and ikf eE, fL, from the point A .* and, Oien^' ,j 
fore, there will be no picture fonned batMl' 
the glass. V^'-.^ 

If the focal distance of the glass, and the iSik 
iance of the object from the glass, be 1 



the distHice of the pietore fVom the glast iwiy' a 
be found by this rule, viz. multiply the diatankSr«| 
of the focus by the distance of the objeet, ""''^ J 
divide the product by their diflference; -^.v' 
quotient will be the distance of the pictured i '■? 
TigA. The picture will be as mnch bigger or Imb ^ 
than the object, as its distance from the {^aas^ - 
is greater or less than the distance -of the tib^:.^ ,J 
ject. For, as Be is to eb, so is J.O to ea. 8»^ J 
that itJBC be the object, cba wW be the ]^ ]■ 
ture ; or, if cba be the ojl^ect, ^ij #iU be^M^ >^ 
, picture. . ■ '; 

,>ia»cmwi. Having described how the rays of light, 
'■etof»i. flowing froili objects, and passing through 
***"■ convex glasses, are collected into points, and 
form the images of the objects; it will be easy . 

"."■■""■' -■ ^ 
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to understand Low the rays are affected ^ytv^** 
passing through the humours of the eye^ and 
are thereby collected into innumerable points 
on the bottom of the eye, and thereon form the 
images of the objects which they flow from. — 
For, the different humours of the eye, and par- 
ticularly the crystalline humour, are to be con- 
sidered as a convex glass ; and the rays in 
passing through them to be aiFected in the same 
manner as in passing through a convex glass. 

The eye is nearly globular. It consists of The eye 
three coats and three humours. The part^?*^^«^^®^* 
DHHG of the outer coat, is called the sclero* 
tica, the rest DEFG the cornea^ Next with- 
in this coat is that called the choroideSy which 
serves as it were for a lining to the other, and 
joins with the iris mn^ mn. The iris is com- 
posed of two sets of muscular fibres ; the one 
of a circular form, which contracts the hole in 
the middle called the pupil^ when the light 
would otherwise lie too strong for the eye; 
and the other of radial fibres, tending every 
where from the circumference of the iris toward 
the middle of the pupil ; which fibres, by their 
^contraction, dilate and enlarge the pupil when 
the light is Weak, in order to let in the more of 
its rays. The third coat is only a fine expan- 
sion of the optic nerve X, which spreads like 
net- work all over the inside of the choroides^ 
and is therefore called the retina / upon which 
are painted (as it were) the images of all visi- 
ble objects, by the rays of light which either 
flow or are reflected from them.* 

* It has been much disputed among' philosophers, whether 
^sion ia produced by the impression of light upon the retina^ 
or t^x)n a choroid coat; and many plausible arguments have 

VOL. I. So 



i 



m 
i 



. .9 »• - ■■ 



atfo Of Optics. 

tJiider the cornea is a fine transparent fluids 
like water, which is therefore called the aqueous 
humour. It gives a protuberant figure to the 
cornea, fills the two cavities mm and nn, which 
communicate by the pupil P, and has the same 
limpidity, specific gravity, and refractive power 
as water. At the back of this lies the crystalline 
humour 11^ which is shaped like a double con-' 
vex glass ; and is a little more convex on the 
back than the fore part. It converges the rays 
which pass through it from every visible object 
to its focus at the bottom of the eye. This 
humour is transparent like crystal, is much of 
the consistence of hard jelly, and exceeds the 
specific gravity of water in the proportion of 
11 to 10. It is inclosed in a fine transparent 
membrane, from which proceed radial fibres 
00^ called the ligamentum ciliare all aroond its 
edge ; and join to the crcumference of the iris. 
These fibres have a power of contracting and 
dilating occasionally, by which means they alter , 
the shape or convexity of the crystalline hu- 
mour, and also shift it a little backward or for- 
ward in the eye, so as to adapt its focal dis- 
tance at the bottom of the eye to the differenU 
distances of objects; without which provision, 
we could only see those objects distinctly that 
were all at one distance from the eye.* 

been advanced in support of each opinion. M. Mariotte> and 
M. de la Hire have taJcen opposite sides in this question, the for* 
mer maintaining-, that the choroides is the seat of vision. The 
truth, however, seems to be, that both are concerned in produc- 
ing the effect — E. Ed. 

* Philosophers have been at much labour to determine in 
what way the eye adapts itself to. different distances. Huygeils 
and many other philosophers have imagined, along with our 
author^ that the crystalline lens approaches to, or recedes froD^ 
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At the back of the crystalline, liesi the vitre^ 
ons humour KK^ which is transparent like 
glass, and is largest of all in quantity, filling 
the whole orb of the eye, and giving it a glo- 
bular shape. It is much of a consistence with 
the white of an egg, and very little exceeds 
the specific gravity and refractive power of 
water,* 

the retina by the contraction or dilatation of the ciliary processes. 
Dr. Pemberton and Dr. Yoiin^, (Phil. Trans. 1793, part 2, p. 175.) 
have maintained, that the fibres of the crystalline are muscular, 
and diminish its convexity by their contraction : M. de la Hire 
supposes that the eye accommodates itself to different distances, 
by the contraction and dilatation o.f the iris ; and Dr. Monro ima- 
gines, that this accommodation is caused by the pressure of the 
orbicular muscles upon the upper and under parts of the Cornea, 
or by the action of the recti-muscles, which, as they press chiefly 
upon the sides of the eye-balls will elongate the axis of the eye. 
(See Monro on the Eye, Ear, and Brain, p. 132 — 139. Smith's Op- 
tics, vol. 2. Remarks p. 2 ; and Mem. de Pacad. 1728, p. 206, 4to.) 
The most accurate inquiries into this subject have lately been 
made bv Mr. Ramsden and Everard Home, Esquire. From a va- 
riety of experiments these philosophers conclude, that the eye 
has a power of accotnmodating itself to different distances when 
deprived of the <^ystalline lens { that the laminated structure of 
the crystalline is not intended to alter its form, but to prevent 
reflection, and to correct spherical aberration ; that the cornea 
is composed of iaminse elastic, and capable of being elongated 1-31 
of its diameter ; that the tendons of the four straight muscles of 
the eye are continued to the edge of the cornea, and are inserted 
in its external laminae ; that there is a visible alteration in the fi- 
gure of the cornea in adapting the eye to different distances; that, 
in short, the adjustment of the eye is produced by three changes 
in the organ, an increase of curvature in the cornea, an elonga- 
tion of the axis of vision, and a motion of the crystalline lens. 
The first of these changes, according to Mr. Ramsden's computa- 
tion, will produce one-third of the efiect, and the other two two* 
thirds of the quantity of adjustment. — E. Ep. 

* The following dimensions of the eye, in inches and decimal 
parts, were determined by M. Petit, and will be interesting to 
many readers, as they are not frequently to be met with. . The di- 
ameter of the eye, from outside to inside, taken fit a mean from 
six adult eyes, .94. The radius of the convexity of the cornea, 
.33294- The radius of the convexity of the anterior surface of the 
crystalline lens, from twenty-six eyes, .33081. The radius of con- 
vexity of the posterior surface, from the same eyes, .25056. The 
thickness of the ^crystalline, from the same eyes, .18^25. The 
thickness of the cornea and aqueous humour together, .10358.— 
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As every point of- an object JSLBC sends out 
rays in jjll directions^ some rays, from every 
point on the side next the eye, will fall upon 
the cornea between E and JP; and by passing 
on througli the humours and pupil of the eye, 
will be converged to so many points on the re- 
tina or bottom of the eye, and will thereon 
form a distinct inverted picture cba of the .ob-r 
ject. Thus, the pencil of rays qrs, that flows 
from the point «i of the object, will be con^ 
verged to the point a on the retina ; those from 
tlie point B will be converged to the point b ; 
those from the point C will be converged to ' 
the point cf and so of all the intermediate 
points ; by which means the whole image abc 
IS formed, and the object made visible ; al- 
tliough it must be owned, that the method by 
which this sensation i$ carried from the eye by 
the optic nerve to the common sensory in the 
brain, and there discerned, is above the reach 
of our comprehension* 

But that vision is effected in this manner, 
may be demonstrated experimentally. , Take 
a buUoclv's eye while it is fresh, and having 
cut oft* the three coats from the back part, 
quite to the vitreous humour, put a piece of 
white paper over that part, and holding the 
eye toward any bright object, you will then 
see an inverted picture of the object upon thq 
paper,* 



• The best way of pertorminc: this experiment is to hold the 
bullock's oyo with its cornea direct»*d to the window or any 
other object, and to pare the coats on the hack part so thin that 
the imajre of the window or object may be visible upon the reti- 
na ; for if the three coats be cut completely away, as our author 
vlirects, the vitreou* humour will be in d^n^^r of running out, and 
thow^ il did not, the white paper is :;o: suificienily transparent 
{f the coats b«p«^<ed th;D| the picture of the objcc'c is seco upon 
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Seeing the image is inverted, many have 
wondered why the object appears upright. . But 
we are to consider, 1. That inverted is only a 
relative term : and, 2. That there is a very 
great difference between the real object an4 
the means or image by which we perceive it. 
When all the parts of a distant prospect arc 
painted on the retina, they are all right with 
respect to one another, as well as the parts of 
the prospect itself ; and we can only judge of 
an object^s being inverted, when it is turned 
reverse to its natural position, with respect to 
other objects which we see and compare it 
with. — If we lay hold of an upright stick in 
the dark, we can tell which is the upper or 
lower part of it, by moving our hand upward 
or downward ; and know very well that we 
cannot feel the upper end by moving our hand 
downward. Just so we find by experience, 
that upon directing our eyes toward a tall ob- 
ject, we cannot see its top by turning our eyes 
downward, nor its foot by turning our eyes 
upward; but must trace the object the same 
way by the eye to see it from head to foot, as 
we do by the hand to feel it ; and as the judg- 
ment is informed by the motion of the hand in 
one case, so* it is also by the motion of the eye 
in the other. 

In Fig. 4. is exhibited the manner of seeing Pj^atb 
the same object ABCy by both the eyes 1) and y^^,\. 
M at once. 

When any part of the image cba falls upon 
tha optic nerve JL^ the corresponding part of 



the real retina^ whereas, if they be completely cut away, the im- 
9ge is seen merely upon the paper, which is substituted instead 
of the retina. The editor has frequently tried the method which 
be recommends^ and has always 8ucceeaed.-^£. Ep. 
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Flats tlic object becomes invisible. On xvhich ae« 
^^"' count nature has wisely placed the optic nerve 
of each eye^ not in the middle of the bottom of 
the eye, but toward the side next the nose ; so 
that whatever part of the image falls upon the 
optic nerve of one eye, may not fall upon the 
optic nerve of the other. Thus, the point a 
of the image cba falls upon the optic nerve of 
the eye J9, but not of the eye E; and the 

Joint e falls upon the optic nerve of the eye 
s7, but not of the eye D : and, therefore, to 
both eyes taken together, the whole object 
ABC is visible. 
yig. I. The nearer that any object is to the eye, the 
larger is the angle under which it is seen, and 
the magnitude under wlach it appears. Thus 
to the eye D, the object ABC^ is seen under 
the angle JlPC ; and its image cba is very 
large upon the retina : but to the eye JE, at a. 
double distance, the same object is seen under 
the angle ApC^ which is equal only to about 
half the angle •IPC, as is evident by the fi- 
gure. The image cba is likewise twice an 
large in the eye D^ as the other image cba 
is in the eye E. In both these representa^ 
tions, a part of the image falls on the optic 
nerve, and the object in the corresponding part 
is invisible. 

As the sense of seeing is allowed to be o&f 
casioned by the impulse of the rays from the 
visible object upon the retina of the eye, and 
forming the image of the object thereon, and 
that the retina is only the expansion of the op- 
tic nerve all over the choroides, it should seem 
Mirprising that the part of the image which 
falls on tike optic nerve should render the like 
part of the object invisible : especially as that 
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berye is allowed to be the instrameiit byi'^^'r* 
which the impulse and image are conveyed 
to the common sensory in the brain. But 
this difficulty vanishes^ when we consider that 
there is an artery withiif the trunk of the optic 
nerve, which entirely obscures tiie image in 
that part, and conveys no sensation to the 
brain. 

That the part of the image which falls 
upon the middle of the optic nerve is lost, 
and, consequently, the corresponding part of 
the object is rendered invisible, is plain by 
experiment. For if a person fix three patches, 
4fl, jB, C, horizontally, upon a white wall, at Fig. % 
the height of the eye, and the distance of about 
a foot from each other, and place himself be- 
fore them, shutting the right eye, and direct- * 
ing the left toward the patch C, he will see 
the patches A and C, but the middle patch 
B will disappear. Or, if he shut his left 
eye, and direct the right toward Jly he will 
see both A and C, but B will disappear ; and 
if he direct his eye toward B^ he will see 
both B and #5, but not C For whatever 
patch is directly opposite to the optic nerve 
4iy vanishes. This requires a little practice, 
after which he will find it easy to direct his 
eye, so as to lose the sight of Whichever patch 
he pleases. 

We are not commonly sensible of this dis- 
appearance, because the motions of the eye 
are so quick and instantaneous, that we no 
sooner lose the sight of any part of an ob- 
ject, than we recover it again; much the 
same as in the twinkling of our eyes, for at 
each twinkling we are blinded; but it is so 
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I^"'"" soon over, that we are scarce ever sensible of 

Fig. 4: It.* 

my some Some eyes require the assistance of convex 
quire * glasses to make them dee objects distinctly^ 
spectacles and others of conca^. If either the cornea 
abc or cryst^line humour e^ or both of them^ 
be too flat* as in the eye *5, their focus will not 
be on the retina^ as at d^ i/(rhere it ought to be^ 
in order to render vision distinct ; but beyond 
the eye, as at /. Consequently, those rays 
. "ivhich flow from the object C, and pass through 
the humours of the eye, are not converged 
enough to unite at d ; and, therefore, the ob- 
server can have but a very indistinct view of 
the object. This is remedied by placing a 
convcfx glass gh before the eye, which makes 
* the rays converge soonei;, and imprints the 
image duly on the retina at d.\ 



* The reason why vision is not disturbed by the twinkling of 
our eyes, is not, as our author imagines, * that we no sooner 
lose the sight of any part of an object than we recover it ag^in/ 
but because the impression of light; continues a considerable 
time on the retina. For if we fix our eyes steadily upon a very 
minute object, and move our hand even slowly between the ob* 
ject and our eyes, vision will not be in the smallest degree dis- 
turbed. — E. Ed. 

f From what is said above, the reader will see the reason why 
a person below wate^ does not see objects distinctly. For as tlie 
aqueous humour has the same refractive power as water, the 
rays of light from any object under water Will suffer no refrac- 
tion in passing through the cornea and aqueous humour, and 
will therefore meet in a point far behind the retina. But if a di- 
ver, or any other person who is accustomed to go under water 
should use a pair of spectacles, consisting of two convex lenses, 
the radius of whose surfaces is three tenths of an inch, which 
is nearly the radius of jhe convexity of the cornea, be will see 
objects as distinctly under w;iter as above it. If the lenses be 
planoconvex, the radius of their curvature must be three twen- 
tieths of an inch.— E. £s. 
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if either the cornea^ or crystalline hdinoury ^^^*' 
or both of them^ be too convex, as in the eye 
fi the l*ays that 6nter in from the object C, will • 
be converged to a focus in the vitreous humour, 
as at /; and by diverging from thence to the 
retina, T^'ill form a very confused image there- 
on : and so, of course, the observer will have 
as confused a view of the object, as if his eye 
had been too flat. This inconvenience is re- 
medied by placing a concave glass gh before 
the eye ; which glass) by causing the rays to 
diverge between it and the eye, lengthens the 
focal distance so, that if the glass be properly 
chosen, the rays will unite at the retina, and 
form a distinct picture of the object upon it;^ 

Such eyes as have their humours of a due 
convexity, cannot see any object distinctly at a 
less distance than six inches ; and there are 
numberless objects too small to be seen at that 
distance, because they cannot appear under 
any sensible angle. The method of viewing 
such minute objects, is by a microscope^ of 
which there are three sorts, viz. the single^ • 
the double, and the solar. 

The single microscope^ is only a small con- P»ff- f 
vex glass, as erf, having the object ab placed ^^^^^* 
in its focus, and the eye at the same distance 
on the other side ; so that the rays of each 
pencil, flowing from every point of the object 



* In order to find the focal distance of a lens, with which « 
short or long-sighted person will see objects distinctly at agivqi 
distance, multiply the given distance by the distance at whicn 
the person sees distinctly, and divide this product by the differ^ 
fence of these distances; the quotient will be tlie focal distance 
of the lens required — £. Ed. 
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on the side next the glass^ may go on parallel 
in the space between the eye and the glass ; 
and then, by entering the eye at C, they will 
be converged to so many different points on 
the retina, and form a large inverted picture 
JiB upon it, as in the figure.* 

To find how. much this glass magnifies^ di- 
vide the least distancef (which is about six 
inches) at which an object can be seen dis- 
tinctly with the bare eye, by the focal distance 
of tbe glass ; and the quotient will show how 
much the' glass magnifies the diameter of the 
object. 



* When single microscopes of large magnifying powers ire 
required, it will be necessary to use glass globules, which may 
be made in the following manner. Ha?ing broken a bit of crown 
glass into small pieces by means of a hammer, take up several of 
these pieces upon the wet point of a piece of wire, and hold them 
in the flame of a candle till they melt into a globule and faU downs 
if this globule be round and clear, it may be prepared for use by 
placing it between two folds of thin lead or brass, perfbratea 
with a hole a little less than the globule. These globules may 
be made with greater ease, and equal accuracy, by cutting a piece 
of glass with a diamond into small slips, about one tenth of aa 
inch broad, and three or four inches long. Hold one of these slips 
with both hands in the flame of a candle and draw it out into t 
thread when melted. Break this .thread at the middle, and hold 
the two extremities in the flame of the candle till a small globule 
be formed upon each. When these globules are broken from the 
glass thread, they may be prepared for use in the way already 
mentioned, care being taken that the part of the globule from 
which the thread is broken, be concealed between the two platesof 
lead or brass. Simple microscopes may also be made by taking up 
a drop of water on the point of a needle, and placing it in a hole 
made in a card or piece of lead. The description of a new fliud- 
microscope, will be found in the Appendix, vol. ii. — E. Ed. 

t This distance varies in diflferent individuals. Several optical 
writers makes it eight inches ; but seven inches^ which is a me- 
dium between both opinions, seems to be the distance at which 
good eyes see minute objects with the greatest distinctaess and 
i>atisfaction. — £. Ed. 
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r compound microscope consists Pi*^" 
of >lass cdy and an eye-glass cf.p^lg^ 

Tl ^ect ah is placed at a little great- The aiuW* 

er i om the glass cd than its principal '°^'^^''^*^- 

foci it the pencils of rays flowing from 

the \ at points of the object^ and passing 

thro^ ihe glass^ may be made to converge 
and ..^ite in as many points between g and h^ 
where the image of the object will be formed ; 
which image is viewed by the eye through the 
®y®-§l^s ef. For the eye-glass being so 
placed^ that the image gJi may be an its fo« 
cus^^ and the eye much about the same dis- 
tance on the other side^ the rays of each pen- 
cil will be parallel^ after going out of the eye- 
glass^ as at e and f till they come to the eye 
at Tcy where they will begin to converge by the 
refractive power of the humours; and after 
having crossed each other in the pupil^ and 
passed through the crystalline and vitreous 
humours^ they will be collected into points on 
the retina^ and form the large inverted image 
•9jB thereon. ^ 

The magnifying power of this microscope is 
as follows. — Suppose the image gJi to be six 
times the distance of the object ah from the 



* At whateTer distance the two glasses are placed, the image 
gh may be kept in the focus of the eye-glass, by changing de 
distance of the object from the object-glass. As the magnifying 
power of the microscope increases in proportion to the distance 
Detween the lenses, the object will not be very distinctly seen 
when this distance exceeds eight inches. It may be proper also 
to remark, for the sake of those who may wish to construct mi- 
croscopes of this kind that the aperture of the object-glass 
should, in ^neral, not exceed one tenth of an inch, and must be 
lessened when the focal distance of the object glass is small— 






'. V 



850 Of Optics. 

Plati object-glass cd ; then will the image be six 
^^"' times the length of the object : but since the 
image could not be seen distinctly by the bare 
eye at a less distance than six inches^ if it be 
viewed by an eye-glass cf, of one inch focas, 
it will thereby be brought six times nearer the 
eye ; and^ consequently, viewed under an an- 
gle six times as large as before; so that it 
will be again magnified six times : that is^ 
six times by the object-glass, and six times by 
the eye-glass, which, multiplied into one an- 
other, makes thirty-six times ; and so much 
w» is the object magnified in diameter more than 
what it appears to the bare eye ; and, con- 
sequently, 36 times 36, or 1,S96 times in sur- 
face. 

But because the extent or field of view is 
very small in this microscope, there are gene- 
rally two eye-glasses, placed sometimes close 
together, and sometimes an inch asunder ; by 
which means, although the object appears less 
magnified, yet the visible area is much enlargt 
^ ed by the interposition of a second eye-glass ; 
and, consequently, a much pleasanter view is 
obtained.* 

f iff- T' The solar microscope^ invented by Dr, Lie- 

£he solar burkhuu, is coustructed in the following: man- 
ner. Slaving procured a very dark room, let 
a round hole be made in the windo\v- shutter, 
about three inches diameter, through which 
the sun may cast a cylinder of rays ^Ll intq 
the room, In this hole place the eiid of & 

• This adfiitional lens is called the amplifyitipf rfass, and is g«r 
Bcrttlly al)out an inch and a half* in diameter, and two ai)d if lijV 
Miche9 in focal length.r~£. Ed. *' 
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tube^ containing two convex glasses and an 
object^ viz. 1. A convex glass aa^ of about two 
inches diameter^ and three inches focal diSf ^ 

tance^ is to be placed in tli^t end of the tube 
which is put into the hole. 3. The object bb^ 
being put between two glasses^ (which must 
be concave to hold it at liberty) is placed 
about two inches and a half from the glass 
aa. 3. At little more than a quarter of an 
inch from the object is placed the small con- 
vex glass cc^ whose focal distance is a quarter 
of an inch.* 

The tube may be so placed, when the sun 
is low, that his rays •!•! may enter directly 
into it: but when he is high, his rays BB 
must be reflected into the tube by the plane 
mirror or looking-glass CC. 

Things being thus prepared, the rays that 
enter the tube will be conveyed by the glass 
aa toward the object 6A, by which means it 
will be strongly illuminated; and the rays 
d which flow from it, through the magnifying 
glass CC will make a large inverted picture of 
the object at DD^ which, being received on a 
white paper, will represent the object mag- 
nified in length, in the proportion of the dis- 
tance of the picture from the glass cC to the 
distance of the object from the same glass. 
Thus, suppose the distance of the object 
from the glass to be -^% parts of an inch, andl 
the distance of the distinct picture to be IS 



Lens acnpc 



* A very remarkable improvemenllPty ■pmade upon the solap 
microscope by substituting Ramsden*s acnromatic eye-piece in- 
stead of the convex lens c c. The image form^^d by this combinar 
^ion of lenses is so accurate an^well defined, that it is infinitely 
superior to that which is formed by microscopes of the commoi| 
4escription.— £. Ed. 
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feet or 144 inches^ in which there arc 1440 
tenths of an inch ; and this number^ divided 
• by 3 tenths^ gives 480 ; w^uch is the number 
of times the picture is longer or broader than 
the object ; and the length multiplied by the 
breadth shows how much the whole surface is 
magnified.* 
TekH9pe. Before we enter upon the description of te- 
lescopes^ it will be proper to show how the 
rays of light are affected by passing through 
concave glasses^ and also by falling upon con- 
cave mirrors. 
PuiTB When parallel rays^ as ahcdefghy pass di- 
^"j- rectly through a glass ABj which is equally 
concave on both sides^ they will diverge after 
passing through the glass^ as if they had come 
from a radiant point C^ in the centre of the 
glass's concavity; which point is called the 
negative or virtual focus of the glass. Thus, 
the ray a, after passing through the glass ABy 
will go on in the direction Tel, as if.it had pro- 
ceeded from the point C, and no glass been in 
the way. The ray b will go on in the direc* 

* The magic lanthom invented by Kircher is exactly the same 
as the solar microscopb» with this difference only, that the for- 
mer, instead of natural objects, exhibits magnified pictures of 
transparent paintings on glass, which are strongly illuminated by 
the flame of a lamp. The diameters and focal distances of the 
two lenses, must also be larger in the magic lanthom than in the 
solar microscope, as a considerable quantity of light is necessa- 
ry to show the transparent fig^ures to the greatest advantage.— 
B. Ed. 

In addition to the microscopes mentioned by our autbori it 
may be proper to take n(^j|e of two reflecting microscopes, one 
of which was inventd| by4|p Isaac Newton, and the other l^ Dr. 
Smith ofCambridg^e. Sir Isaac's is composed of a concave mir- 
ror and a convex eye-glass, with the object placed between them ; 
and Dr. Smith's consists of two mirrors, the one concave and the 
other convex, with a convex eye-glass, the object being placed 
between the specula. See Phil. Trans, p. 3080, and Smith's Op- 
tics, vol. ii. Remarks, pp. 87, 97.— E, Ed, 
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tion mn; the ray c in the direction op, &c*. — piate 
The ray C, that falls directly upon the middle ^^^"' 
of the glass, suffei*s no refraction in passing 
through it; but goes on in the same recti- 
lineal direction, as if no glass had been in its 
way. 

If the glass had been concave only on one 
side, and the other side quite plane, the rays 
would have diverged, after passing through it, 
as if they had come from a radiant point at 
double the distance of C from the glass ; that 
is, as if the radiant had been at the distance 
of a whole diameter of the glass's concavity. 

If rays coming to such a glass, converge 
more than parallel rays diverge after passing 
through it, they will continue to converge after 
passing through it ; but will not meet so soon 
as if no glass had been in the way ; and will 
incline toward the same side to which they 
would have diverged, if they had come paral- 
lel to the glass. Thus, the rays / and A, go- 
ing in a converging state toward the edge of 
the glass at J9, and converging more in their 
way to it than the parallel rays diverge after 
passing through it, they will go on converging 
after they pass through it, though in a less de- 
gree than they did before, and will meet at I: 
but if no glass had been in their way, they 
would have met at {. 

When the parallel rays, as dfa^ Cmhy elcy Pig. 2. 
fall upon a concave mirror .48, (which is not 
transparent, but has only the surface MB of a 
clear polish) they will be reflected back from 
that mirror, and meet in a point m, at half the 
distance of the surface of the mirror from C, 
the centre of its concavity : for they will be 
reflected at as great an angle from the perpen- 
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dieular to the surface of the mirror^ as that in 
which they fell upon it, with regard to that 
perpendicular ; but on the other side thereof. 
TJius, let C be the^ centre of concavity of the 
mirror MB^ and let the parallel rays dfa, Cmhy 
and elcy fall upon it at the points aft, and c— 
Draw the lines Cia^ Cmby and Chc^ from the 
centre C to these points ; and all these lines 
will be perpendicular to the surface of the mir- 
ror, because they proceed thereto like so many 
radii or spokes from its centre. Make the an- 
gle Cah equal to the angle daCy and draw the 
line amhy which will be the direction of th* 
ray dfa^ after it is reflected from the point a of 
the mirror : so that the angle of incidence daCf 
is equal to the angle of reflection Cah; the 
rays making equal angles with the perpendi- 
cular Cia on its opposite sides. 

Draw also the perpendicular Che to the 
point c, where the ray elc touches the mirror ; 
and, having made the angle Cci equal to the 
angle Cce^ draw the line cmi, which will be 
the course of the ray efc, after it is reflected 
from the mirror. 

The ray Cmb passes through the centre of 
concavity of the mirror, and falls upon it at ft, 
the perpendicular to it ; and is, therefore, re- 
flected back from it in the same line hmC. 

All these reflected rays meet in the point m; 
and in that point the image of the body which 
emits the parallel rays da, Cb, and ec, will be 
formed : which point is distant from the mir- 
ror equal to half the radius bmC of its conca- 
vity.* 

• Unless the mirror .^ ^ be exactly parabolic, the rays wiU not 
meei \\\ the point m. On this account the mirrors of reflecting! 
telescopes are all pottiMis of a parabola. For the same reasod* 
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The rays which proceed from any celestial ^^^T? 
object may be esteemed parallel at the earth ; 
and therefore the images of tliat object will be 
foniied at ?w, when the reflecting surface of the 
concave miiTor is turned directly toward the 
object. Hence^ tlie focus m of parallel rays 
is not in the centre of the mirror's concavity, 
but half-way between the mirror and that cen- 
tre. 

The rays which proceed from any remote 
terrestrial object are nearly parallel at the mir- 
ror ; not strictly so, but come diverging to it, 
in separate pencils, or, as it were, bundles of 
rays, from each point of the side of the object 
next the mirror : and therefore they will not 
be converged to a point, at the distance of half 
the radius of the mirror's concavity from its 
reflecting surface ; but into separate- points at a - 
little greater distance from the mirror. And 
the nearer the object is to the mirror, the far- 
ther these points will be from it ; and an in- 
verted image of the object M^ill be formed in 
them, which will seem to be pendent in the 
air ; and will be seen by an eye placed beyond 
it (with regard to the mirror) in all respects 
like the object, and as distinct as the object 
itself. 

Let AcB be the reflecting surface of a mir- Pig. 3. 
ror, whose centre of concavity is atC; and 
let the upriglit object DE be placed beyond the 
centre O, and send out a conical pencil of di- ' 
verging rays from its upper extremity D, to 



when rays arc incldont upon a concave mirror, which is a large 
portion of a sphere, insteiid of beingf collected in its focus, they 
cross each oihtri'Ki.ficrcnt points; and thus form what are de- 
nominated Tschirnhaiisenian, or, more frequently, caustic curves. 
— E. Ed. 
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every point of the concave surface of the mir- 
ror ikcJB. But to avoid confusion, we only 
draw three rays of that pencil, as DAj Dcy 
BB. 

From the centre of concavity C, draw the 
three riglit lines CA, Cc, CB^ touching the 
mirror in the same points where the aforesaid 
rays touch it ; and all tlicse lines will be per- 
pendicular to the surface of the miiTor. Make 
tlie angle CAd equal to the angle BJLCy and 
draw the right line M for the course of the 
reflected ray B*l: make the angle Ccd equal 
to the angle BcCj and draw^ the right line ci 
for the course of the reflected ray Bd : make 
also the angle CBd equal to the angle BBC^ 
and draw the right line Bd for the course of 
the reflected ray BB. All these reflected rays 
. will meet in the point dy where they will foiin 
the extremity d of the inverted image ed, si- 
milar to the extremity B of the upright object 
BE. 

If the pencils of rays Ef Eg^ Eh^ be also 
continued to the mirror, and their angles of 
reflection from it be made equal to their an- 
gles of incidence upon it, as in the former 
pencil from By they M-ill meet at tlie point e 
by reflection, and form the extremity e of the 
image erf, similar to the extremity E of the 
object BE. 

And as each intermediate point of the object 
between B and JB, sends out a pencil of rays 
in like manner to every part of the mirror, the 
rays of each pencil will be reflected back frpm 
it, and meet in all the intermediate points be- 
tween the extremities e and d of the image ; and 
vso the whole image will be formed, not at ?, 
half the distance of the mirror from its centre 
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of concavity C ; but at a gi'eater distance, be- 
tween i and the object DIE ; and the image 
^vill be inverted with respect to the object*" 

This being well understood, the reader will 
easily see how the image is formed by the 
large concave mirror of the reflecting teles- 
cope, when he comes to the description of that 
instrument. 

When the object is more remote from tlie 
mirror than its centre of concavity C, the im- 
age will be less than the object, and between 
the object and mirror: when the object is near- 
er than the centre of concavity, the image will 
be more remote and bigger than the object : 
thus, if J9£be the object, erf will be its image; 
for, as the object recedes from the mirror, the 
image approaches nearer to it ; and as the ob- 
ject approaches nearer to the mirror, the image 
recedes farther from it, on account of the les- 
ser or greater divergency of the pencils of rays 
which proceed from the object; for, the less 
they diverge, the sooner they are converged to 
points by reflection; and the more they di- 
verge, the farther they must be reflected befcjre 
they meet. 

If the radius of the mirror's concavity and 
the distance of the object from it be known, the 
distance of the imagQ from the mirror is found 
by this rule : divide the product of the dis- 
tance and radius by double the distance made 
less by the radius, and the quotient is the dis- 
tance required. 

* It Is a curious fact, that the imajje of a straight line, formed 
hy a mirror op lens of a spherical form, is a conic section. The 
reader may see the demonstration of this in Wood's Optics, pp. 
43 and 117.— E. Ed. 
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If the object be in the centre of the mirror'g 
concavity, the image and object will be coin- 
cident, and equal in bulk. 

. If a man place himself directly before a 
Jar?;e concave miiToi> but farther from it thau 
its centre of concavity, he will see an inverted 
image of himself ia the air, between him and 
the mirror, of a less size tiian himself. And 
if he hold out his hand toward the mirror, the 
hand of the image will come out toward his 
hand, and coincide with it, of an equal bulk, 
when his hand is in the centre of concavity ; 
and he will imagine he may shake iiands with 
his image. If he reach his hand farther, the 
hand of the image will pass by his hand, and 
come between his hand and his body : and if 
he move his hand toward cither side, the hand 
of the image will move toward the other ; so 
. that whatever way the object moves, the image 
will move the contrary way. 

All tlic while a by-stander will see nothing 
of the image, because none of the reflected rays 
that form it will enter his eye. 

If a fire be made in a large room, and a 
smooth mahogany table be placed at a good 
distance near the wall, before a large concave 
mirror, so placed, that the light of the fire may 
be reflected from the mirror to its focus upon 
the table ; then if a person stand by the table, 
he will see nothing upon it but a lougish beam 
of liglit : but if he stand at a distance toward 
the fire, not directly between the fire and mir- 
ror, he will see an image of the fire upon the 
table, large and erect. And if anotiier per- 
son, who knows nothing of this matter before- 
hand, should chance to come into the room;^ 
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and should look from the fire toward the table^ 
he would be startled at the appearance ; for the * 
table would seem to be on fire^ and by being 
near the wainscot, to endanger the whole house. 
In this experiment, there should be no light ia 
the room, but what proceeds from the fire ; and 
the mirror ought to be at least fifteen inches in 
diameter. 

If the fire be darkened by q, screen, and a 
large candle be placed at the back of the screen, 
a person standing by the candle will see the 
appearance of a fine large star, or rather pla- 
net, upon the table, as bright as Venus or Ju- 
piter. And if a small wax taper (whose flame 
is much less than the flame of the candle) be 
placed near the candle, a satellite to the pla- 
net will appear on the table ; and if the taper 
be moved round the candle, the satellite will 
go round the planet. 

For those two pleasing experiments I am 
indebted to the late Reverend Dr. Loxg, 
Lowndes's professor of astronomy at Cam- 
bridge, who favoured me with the sight of 
them, and many more of his curious inven- 
tions. 

In a refracting telescope^ the glass which Tiic r^- 
is nearest the object in viewing it, is cri\\edt\it{l^Jgl.'Jj;^ 
object-glass ; and that which is nearest the 
eye, is called the eye-glass. The object-glass 
must be convex, but the eye-glass must be 
either cpnvex or concave ;* and generally, in 

• When the eye-glass is concave, it is called the Galilean telescope^ 
and when convex it is called the iutronotmcal telescope. Although 
the Galilean telescope has a very small field of view, and is on 
that account unfit for viewing terrestrial objects, yet it shows the 
satellites of Jupiter, tlie ring of Saturn, and other celestial ap- 
pearance, with greater distinctness than the astronomical teles- 
cope,— E. Ed. 
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looking through a telescope, the eye is in the 
'focus of the eye-glass ; though that is not very 
material : for the distance of the eye, as to 
distinct vision, is indifferent, provided the rays 
of the pencils fall upon it parallel : only the 
Bearer the eye is to the end of the telescope, 
the larger is the scope or area of the field of 
view. 

j?ig. 4. Let cA be a convex glass flied in a long 
tube, and let it have its focus at E. Then, a 
pencil of rays ghi^ flowing from the upper ex- 
tremity A of the remote object JIB^ will be so 
refracted by passing through the glass, as to 
converge and meet in the point /,• while the 
pencil of rays klm flowing from the lower ex- 
tremity By of the same object AJB, and passing 
through the glass, will converge and meet iii 
the point e : and the images of the points Jl and 
JB will be formed in the points / and e. And 
as all the intermediate points of the object, be- 
tween A and J?, send out pencils of rays in the 
same manner, asufiicient number of these pen- 
cils will pass through the object-glass cd^ and 
converge to as many intermediate points be- 
tween e and/; and so will form the whole in- 
verted image eEfy of the distant object. But 
because tiiis image is small, a concave glassr 
no is so placed in the end of the tube next the 
eye, that its virtual focus may be at JP. And as 
the rays of the pencils pass converging through 
the concave glass, but converge less after pass- 
ing through it than before, they go on farther, 
as to A and a, before they meet ; and the. pen- 
cils themselves being made to diverge by pass-; 
ing through the concave glass, enter the eye, 

^ and form the large picture ab upon the retina, 

whereon it is magnified under the angle hFa. 
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But this telescope has one inconvenienee.Pi'ATB 

YVITT 

which renders it unfit for most purposes^ name- '^^"*- 
ly, that the pencils of rays being made to diverge 
by passing through the concave glass no^ very 
few of them can enter the pupil of the eye ; and 
therefore the field of view is but very small^ as 
is evident by the figure. For none of the pen- 
cils which flow either from the top or bottom of 
the object AB can enter the pupil of the eye at 
Cy but are all stopped by falling upon the irisr 
above and below the pupil : and therefore only 
the middle part of the object can be seen when 
the telescope lies directly toward it^ by means 
of those rays which proceed from the middle of 
the object. So that to see the whole of it, the 
telescope must be moved upward and down- 
ward, unless the object be very remote ; and 
then it is never seen distinctly* 

This inconvenience is remedied by substi- Fig. 5. 
tuting a convex eye-glass, as gh^ in place of 
the concave one ; and fixing it so in the tube^ 
that its focus may be coincident with the focus 
of the object-glass erf, as at E.^ For then, tha 
rays of the pencils flowing from the object •S.B, 
and passing through the object-glass cd, will 
meet in its focus, and form the inverted image 
mEp : and as the image is formed in the focus 
of the eye-glass gh^ the rays of each pencil 
will be parallel, after passing through that 
glass ; but the pencils themselves will cross in 
its focus, on the other side, as at e : and the 

• Sometimes another convex glass is placed between the object- 
glass and its principal focus^ in order to enlarge the field of 
view, and diminish the aberration of the lateral rays. This eye- 
piece^ consisting of two convex lenses, whose distance is equal 
to the sum of their focal distances, is called the Hvy^enian eyC" 
pi€ce.^l£>. Ed. 
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pupil of the eye being in this focus^ the image 
will be viewed through the glass^ under the 
angle geh; and being at E^ it will appear 
magnified^ so as to fill the Whole spac6 
CmepD. 

But, as this telescope inverts the image with 
respect to the object, it gives an unpleasant 
tiew of terrestrial objects ; and is, tlierefore, 
only fit for viewing the heavenly bodies, in 
which we regard not their position, because 
their being inverted does not appear on ac- 
count of their being round. But whatever way 
the object seems to move, this telescope must 
be moved the contrary way, in order to ieep 
sight of it ; for since the object is inverted, ibi 
motion will be so too. 

The magnifying power of this telescope is 
as the focal distance of the object-glass to the 
focal distance of the eye-glass. Therefore, if 
the former be divided by the latter, the quo- 
tient will express the magnifying power. 

When we speak of magnifying by a telescope, 
or microscope, it is only meant with regard to the 
diameter, not to the area or solidity of the ob- 
ject. But, as the instrument magnifies the ver- 
tical diameter, as much as it does the horizontal, 
it is easy to find how much the whole visible 
area or surface is magnified : for, if the diame- 
ters be multiplied into one another, the product 
will express the magnification of the whole vi- 
sible area. Thus, suppose the focal distance of 
the object-glass to be 10 times as- great as the 
focal distance of the eye-glass; then, the object 
will be magnified i times, both in length and 
breadth : and 10 multiplied by i 0, produces 400; 
which shows, that the area of the object wiU 
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uppear 100 times as big when seen through suchP^^^"" 
a telescope, as it does to the bare eye. 

Hence it appears, that if the focal distance 
of the eye-glass were equal to the focal dis- 
tance of the object-glass, tlie magnifying pow- 
er of the telescope would be nothing.. 

This telescope may be made to magnify in 
any given degree, provided it be of a sufficient 
length. For, the greater the focal distance of 
the object-glass, the less may be the focal dis- 
tance of the eye-glass : though not directly in 
proportion. Thus, an object-glass of 10 feet 
focal distance, will admit of an eye-glass whose 
focal distance is little more than 2^ inches ; 
which will magnify near 48 times ; but an ob- 
ject-glass, of 100 feet focus, will require an 
eye-glass somewhat more than 6 inches ; and 
will therefore magnify almost 200 times. 

A telescope for viewing terrestrial objects 
should be so constructed as to show them in 
their natural posture. And this is done by 
one object-glass erf, and three eye-glasses ef^ Fig. 6. 
ghy iky so placed, that the distance between 
any two, which are nearest to each other, may 
be equal to the sum of their focal distances ; as 
in the figure, where the focus of the glasses cA 
and ef meet at -F, those of the glasses af and 
gh meet at Z, and of gli and ilc at m ; the eye 
being at ti, in or near the focus of the eye-glass 
iky on the other side. Then, it is plain, that 
these pencils of rays, which flow from the ob- 
ject «iJ?, and pass through the object-glass cd, 
will meet and form an inverted image CFD in 
the focus of that glass ; and the image being al- 
so in the focus of the glass c/, the rays of the 
pencils will become parallel, after passing 
through that gla«.s, and cross at /. in tlie focus 
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of the glass ef; from vrhich they pass on to the 
next glass gh^ and by going through it are con- 
verged to points in its other focus^ where they 
form an erect image ErnF^ of the object MS: 
and as this image is also in the focus of the 
eye-glass ik^ and the eye on the opposite side 
of the same glass^ the image is viewed through 
tlie eye-glass in this telescope^ in the same 
manner as through the eye-glass in the former 
one ; only in a contrary position^ that is^ in the 
same position with the object. 

The three glasses next the eye have all their 
focal distances equal : and the magnifying pow- 
er of this telescope is found the same way as 
tiiat of the last above ; viz. by dividing the 
focal distance of the object-glass cdy by the 
focal distance of the eye-glass ik^ or ghy or c/, 
since all these three are equal. 

When* the rays of light are separated by 

refraction, they become coloured, and if they 

be united again, they will be a perfect white. 

Why the JJut those rays which pass through a convex 

pe'w^^o'^' Sl**ss, near its edges, are more unequally re- 

loui-ed, iracted than those which arc nearer the mid- 

Througr" ^^^ V^ tJ^^ S^ass. And when the rays of any 
telescope, pencil are unequally refracted by the glass, 
they do not at all meet again in one and the 
same point, but in separate points ; which 
makes the image indistinct and coloured about 
its edges.* The remedy is, to have a plate 
with a small round hole in its middle, fixed in 
the tube at 7?i, parallel to the glasses. For, 
the wandering rays about the edges of the 
glasses will be stopped, by the plate^ from 

• For an account of achromatic telescopes, in which this co- 
lour, urisiiig from the different refrangibility of the rays of lighti 
i» removed, see Arr£5six, vol. ii.— E. Eb. 
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coming to the eye: and none admitted butP^^'" 
those which come through the middle of the^^' 
glass^ or at least at a good distance from its 
edges^ and pass through the whole m the mid- 
die of the plate. But this circumscribes the 
image^ and lessens the field of view, which 
would be much larger if the plate could be 
dispensed with. 

The great inconvenience attending the man- The r^. 
agement of long telescopes of this kind has-^^J^^f '*' 
brought them much into disuse ever since the 
reflecting telescope was invented ; for one of 
this sort^ six feet in length, magnifies as much 
as one of the other an hundred feet long. — 
This telescope was invented by Sir Isaac New- 
ton, but has received considerable improve-* 
ments since his time ; and is now generally 
constructed in the following manner, which 
was first proposed by Dr. Gregory. — 

At the bottom of the great tube TTTT is Fig. 7. 
placed the large concave mirror DUVFj 
whose principal focus is at m; and in its mid- 
dle is a round hole P, opposite to which is 
placed the small mirror JL, concave toward 
the great one ;* and so fixed to a strong wire 
Mj that it may be moved farther from the 
great mirror, or nearer to it, by means of a 
long screw on the outside of the tube, keeping 
its axis still in the same line Pmn with that of 
the great one. — ^Now, since in viewing a very 

• When the small mirror is convex, it is then called the Cawff- 
grainian telesoope. As the small mirror is in this case placed 
between the larg^e speculum and its focus, a Cassegprainian teles- 
cope will be shorter than a Gregorian telescope of the same 
mag^nifying power, by twice the focal distance of the small mir- 
ror. The object, however, in the former, appears inverted.— 
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remote object^ w.e can scarce see a point of it 
but what is at least as broad as the great mir- 
ror, we may consider the rays of each pencil, 
ivhich flow from every point of the object, to 
be parallel to each other, and to cover the 
whole reflecting surface J) UVF. But to avoid 
confusion in the figure, we shall only draw 
two rays of a pencil flowing from each extre- 
mity of the object into the great tube, and 
trace their progress, through all their reflec- 
tions and refractions, to the eye /, at the end 
of the small tube ff, which is joined to the 
great one. 

Let us then suppose the object JIB to be at 
isuch a distance, that the rays C may flow from 
its lower extremity J?, and the rays E from its 
upper extremity ^. Then the rays C falling 
parallel upon the great mirror at 1>, will be 
thence reflected, converging in the direction 
DG; and, by crossing at I in the principal 
focus of the mirror, they will form the upper 
extremity I of the inverted image JK*, similar 
to the lower extremity B of thQ object ^AB: and 
passing on to the concave mirror i, (whose fo- 
cus is at nj they will fall upon it at g^ and 
be thence reflected converging in the direction 
gJV*^ because ^m is longer than gn; and passing 
through the hole P in the large mirror, they 
would meet somewhere about r, and form the 
Ipwer extremity b of the erect image a6, simi- 
lar to the lower extremity B of the object MS. 
But, by passing through the plano-convex glass 
jK in their way, they form that extremity of the 
4mage ^t ft, In lik^ manner the rays E^ which 
come from the top of the object AB, and fall 
parallel upon the great mirror at P, are thencQ 
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leflerfed converging to its focus^ where they 
form the lower extremity JfeT of the inverted im- 
age IK^ similar to the upper extremity A of the 
object •^jB; and thence passing on to the small 
mirror L^ and falling upon it at h^ they are 
thence reflec^d in the converging state hO ; 
and going on through the hole P of the great 
mirror, they will meet somewhere about y, and 
form there thcf upper extremity a of the erect 
image a&, siniilar to the upper extremity A of 
the object .iB: but by passing through the con- 
vex glass JB in their way, they meet and cross 
sooner, as at a, where that point of the erect 
image is formed. The like being understood 
of all those rays which flow from the interme- 
diate points of the object, between •! and By 
and enter the tube TT^ all the intermediate 
points of the image between a and h will be 
formed : and the rays passing on from the im- 
age through the eye-glass ^S', and through a 
small hole e in the end of the lesser tube ttj 
they enter the eye /, which sees the image ah 
(by means of the eye-glass) under the large 
angle ced^ and magnified in length, under that 
angle from do d. 

In the best reflecting telescopes, the focus of 
the small mirror is never coincident with the 
focus m of the great one, where the first image 
IK is formed, but a little beyond it, (with re- 
spect to the eye) as at it : the consequence of 
which is, that the rays of the pencils will not 
be parallel after reflection from the small mir- 
. ror, but converge so as to meet in points about 
q, By r; where they will form a larger upright 
image than a, 6, if the glass jR were not in their 
way ; aud this image might be viewed by mean& 
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]*eflection ; so that the first image IK will be 
formed at a greater distance from the large 
mirror^ when the object is near the telescope^ 
than when it is very remote. But as this image 
must be formed farther from the small mirror 
than its principal focus n^ this mirror must be 
always set at a greater distance from the large 
o^e^ in viewing near objects^ than in viewing 
remote ones. And this is done by turning the 
screw on the outside of the tube^ until the small 
mirror be so adjusted that the object (or rather 
its image) appears perfect. 

In looking through any telescope toward an 
object, we never see the object itself, but only 
that image of it which is formed next the eye 
in the telescope. For, if a man hold his finger 
or a stick between his bare eye and an object, 
it will hide part, if not the whole, of the object 
from his view. But if he tie a stick across the 
jnouth of a telescope, before the object-glass, it 
will hide no part of the imaginary object he 
saw through the telescope before, unless it 
should cover the whole mouth of the tube : for, 
all the effect will be, to make the object appear 
dimmer, because it intercepts part of the rays. 
Whereas, if he put only a piece of wire across 
the inside of the tube, between the eye-glass 
and his eye, it will hide part of the apparent 
object : which proves that he sees not the real 
object, but its image. This is also confirmed 
by means of the small mirror i, in the reflect- 
ing telescope, which is made of opaque metal, 
and stands directly between the eye and the 
object toward which the telescope is turned; 
and will hide the whole object from the eye at 
e, if the two glasses R kvA 8 be taken out of 
the «abe. 
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The muUiplying glass is made by grinding ^5^™ 
down the round side hik of a convex glass •iBy\^\^ 
into several flat surfaces, as kh^ bldy dk. An The muiti- 
object C will not appear magnified, when seen^^^f 
through this glass, by the eye at H; but it Avill 
appear multiplied into as many different objects 
as the glass contains plane surfaces. For, since 
rays will flow from the object C to all parts ot 
the glass, and each plane surface will refract 
these rays to the eye, the same object will ap- 
pear to the eye in the direction of the rays which 
enter it through each surface. Thus, a ray giHy 
falling perpendicularly on tlie middle surface^ 
will go through the glass to the eye without suf- 
fering any refraction ; and will therefore show 
the object in its true place at C: while a ray ab 
flowing from the same object, and falling ob- 
liquely on the plane surface 6A, will be refract- 
ed in the direction be, by passing through the 
glass., and, upon leaving it, will go on to the eye 
in the direction eH; which will cause the same 
object C to appear also at £, in the direction of 
the ray He, produced in the right line He n. And 
the ray erf, flowing from the object C, and falling 
obliquely on the same surface die, will be refract- 
ed (by passing through the glass and leaving it 
at/^ to the eye at H; which will cause the same 
object to appear at i), in the direction Hfm. — If 
the glass be turned round the line glH, as an 
axis, the object C will keep its place, because 
the surface bid is not removed ; but all the other 
objects will seem to go round C, because the 
oblique planes, on which the rays aft, erf, fall, 
will go round by the turning of the glass. 

The camera-obscura is made by a convex- rig. 2^ 
rfass CD, placed in a hole of a window-shutter. Jaob^Z 
W hen, if the room be darkened so that no light 
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eon enter but what comes through the glasi^y 
ilie pictures of all the objects (as fields, trees, 
buildings, men, cattle, &c.) on the outside, will 
be shown in an inverted position, on a white 
paper placed at GH in the focus of the glass $ 
and will afibrd a most beautiful and perfect 
piece of perspective or landscape, of whatever 
is before the glass ; especially when the son 
shines upon the objects. 

If the convex glass CD be placed in a tube 
in the side of a square box, within which is the 
plane mirror EF^ reclining backward in IK 
angle of 45 degrees, from the perpendicular kq^ 
the pencils of rays flowing from the outward 
objects, and passing through the convex glass 
to the plane mirror, will be reflected npward 
from it, and meet in points, as I and AT, (at the 
same distance that they would have met at H 
and Cr, if the mirror had not been in the way) 
and will form the aforesaid images on an oiled 
paper stretched horizontally in the direction IK; 
on which paper, the outlines of the images may 
be easily drawn with a black-lead pencil, and 
then copied on a clean sheet, and coloured by 
art, as the objects themselves are by nature, — 
In this machine, it is usual to place a plane 
glass, unpolished, in the horizontal situation 
XR*, which glass receives the image of the out- 
ward objects ; and their outlines may be traced 
upon it by a black-lead pencil. 

JV. jB, — The tube in which the convex glass 
CJ) is fixed, must be made to draw out, or push 
in, so as to adjust the distance of that glass from 
the plane mirror, in proportion to the distance 
of the outward objects ; which the operator 
does, until he sees their images distinctly paint- 
ed on the horizontal glass at UC. 
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The foming of a horizontal image^ as IK^ of 
an upright object MS^ depends upon the angles 
of incidence of the rays upon the plane mirror 
EFy being equal to their angles of reflection 
from it. For, if a perpendicular be supposed to 
be drawn to the surface of the plane mirror at e^ 
where the ray •SnCe falls upon it, that ray M^ill 
)be reflected upward in an equal anglB with 4; he 
other side of the perpendicular, in the line edh 
Again, if a perpendicular be drawn to the mir- 
ror from the point /, where the ray Mf falls 
upon it, that ray will be reflected in an equal 
angle from the other side of the perpendicular, 
in the line fhl. And if a perpendicular be 
drawn from the point g^ where the ray •leg \ 
falls upon the mirror, that ray will be reflected 
in an equal angle from the other side of the 
perpendicular in the line gil. So that all the 
rays of the pencil, abc, flowing from the upper 
extremity of the object tiB, and passing through 
the convex glass C-D, to the plane mirror EFy 
will be reflected from the mirror and meet at J, 
where they will form the extremity I of the 
image IK^ similar to the extremity •! of the ob- 
ject AB. The like is to be understood of the 
pencil qrSy flowing from the lower extremity 
of the object AB^ and meeting at JT, (after re- 
flection from the plane mirror) the rays form 
the extremity K 01 the image, similar to the ex- 
tremity B of the object : and so of all the pen- 
cils that flow from the intermediate points of the 
object to the mirror, through the convex gkss. • 

If a convex glass, of a short focal distance, The opeva 
be placed near the plane mirror, in the end of ^^''**- 
^ short tube, and a convex glass be placed in 
a hole in the side of the tube, so. as the image 
niay be formed betwee^ the last-mentioned cour 
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Plate vex glass^ and the plane mirror^ the image being 
*'^* ■ viewed through this glass, will appear magni- 
fied. — In this manner, the opera-glasses are 
constructed; with wliich a gentleman may look 
at any lady at a distance in the company^ and 
the lady know nothing of it, 
rrhe com. The image of any object that is placed before 
™" ^' ^ pl*^^ mirror, appears as big to the eye as the 
*^^^ '■ object itself; and is erect, distinct, and seem- 
ingly as far behind the miiTor, as the object is 
before it : and that part of the mirror, which 
reflects the image of the object to the eye, (the 
eye being supposed equally distant from the 
glass with the object) is just half as long and 
f^' 3. half as broad as the object itself. Let JIJB be 
an object placed before the reflecting mirror 
ghi of the plane mirror CD ; and let the eye be 
at Q. Let ^dJi be a ray of light flowing from the 
top A of the object, and falling upon the mirror 
at h: and Jim be a perpendicular to the surface 
of the mirror at A, the ray M, will be reflected 
from the mirror to the eye at o, making an an- 
gle mho equal to tlie angle Mim : then will the 
top of the image E appear to the eye in the di- 
rection of the reflected ray oli produced to JS, 
where the right line ApE^ from the top of the 
object, cuts the right line oliE^ at E. Let Bi 
be a ray of light proceeding from the foot of 
the object at B tp th^ mirror at z, and ni a per- 
pendicular to the mirror from the point i, where 
the ray Bi falls upon it : this ray will be reflect- 
ed in the line 20, making an angle nioj equal 
to the angle Bin^ with that perpendicular, and 
entering the eye at : then will the foot jFof 
the image appear iu the direction of the reflect- 
ed ray of, p}?oduced to F, where the right lino 
^1^ puts the reflected rajjr produced to F. All 
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the other rays that flow from the intermediate ^^^m 
points of the object JlBf and fall upon the mir- ^^^ 
ror between h and i^ will be reflected to the eye 
at ; and all the intermediate points of the 
image EF will appear to the eye in the direc- 
tion-line of these reflected rays produced. But 
all the rays that flow from the object^ and fall 
upon the mirror above h^ will be reflected back 
above the eye at o ; and all the rays that flow 
from the object, and fall upon the mirror below 
i^ will be reflected back below the eye ato; so 
that none of the rays that fall above A, or below 
i^ can be reflected to the eye at (?; and the dis« 
tance betwee4 h and i is equal to half the length 
of the object JlB^ 

Hence it appears, that if a man see his whole a man win 
image in a plane looking-glass, the part of the f^aTC*m a 
glass that reflects his image must be just half plane 
as long and half as broad as himself, let him Aoo^»n?- 
$tand at any distance from it whatever ; and that fs b^t half 
his image must appear just as far behind the*|»8i^e'»s*^^' 
glass as he is before it, Thus, the man JlB *^' 
viewing himself in the plane mirror Cl>, which 
is just half as long as himself, sees his whole 
image as at EF, behii^d the glass, exactly 
equal to his own size, For, a ray AC pro- 
ceeding from his eye at •i, and falling perpen- 
jiicularly upon the surface of the glass at C, is . 
ifeflected back to his eye in the same line CA ; 
und the eye of his image will appear at E^ in 
the same line produced to E^ beyond the glass. 
Also, a ray BDj flowing from his foot, and fallr 
ing obliquely on the glass at 1>, will be reflected 
^s obliquely on the other side of the perpendi- 
l!ular JlbDf in the direction D*4; and the foot 
pf hi^ image will appear s^t Fp in the direction of 
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the reflected ray •flZ>, produced to Fy where it is 
eut by the right lino BGFj drawn parallel to 
the right line ACE. Just tlie same as if the 
glass were taken away^ and a real man stood 
at F^ equal in size to the man standing at J?.- 
for, to Ids eye at •Sty the eye of the other man 
at K would be seen in the direction of the line 
ACE ; and the foot of the man at F would be 
seen by the eye Ay in the direction of the line 
ADF. 

If the glass be brought nearer the man ABy 
as suppose to cbj he will see his image as at 
CDG: for the reflected ray cA (being perpen- 
dicular to the glass) will show the eye of the 
image as at C; and the incident ray Bb^ being 
reflected in the line bAy will show the foot of 
his image as at G; the angle of reflection dbA 
being always equal to the angle of incidence 
Bba: and so of all the intermediate rays A*oiii 
A to n. Hence^ if the man A 8 advance toward 
the glass C-D, his im«ige will approach toward 
it ; and if he recede from the glass^ lus image 
will also recede from it. 

Having already shown, that the rays of light 
are refracted when they pass obliquely through 
diftereut mediums, we come now to prove that 
some ravs are more rcfran£;ible than others : 
and that, as they are difterenily refracted, they 
excite in our minds the ideas of different co- 
lours. This will account for the colours seen 
about the edges of the imaj^es of those objects 
which are viewed through some telescopes. 
F;jr. 5. Let the sun shine into a dark room through 

a small hole, as at ec. in a wiiidow->hatter : and 
place a lriani;alar prism /.f ' in the beam of rays 
J. in such a luauuer that the beam may fall 
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obliquely on one of the sides ahC of the prism. The j^>m. 
The rays will suffer difterent refractions by . 
passing through the prism^ so that instead of 
going all out of it on the side AcCj in one di-^ 
rection, they will go on from it in the different 
directions represented by the lines /, ^, A, i^ ICy 
ly my n ; and^ falling upon the opposite side of 
the room^ or on white paper placed as at pq to 
receive them^ they will paint upon it a series 
of most beautiful lively colours, (not to be equal' The cd- 
led by art) in this order, viz. those rays which ^^^u^* 
are least refracted by the prism, and will^ 
therefore, go on between the lines n and m, 
will be of a very bright intense red at ri, dege- 
nerating from thence gradually into an orange 
colour, as they are nearer the line m : the next 
will be of a fine orange colour at m, and from 
thence degenerate into a yellow colour toward 
I: at Z they will be of a fine yellow, which 
will incline toward a green more and more, as 
they are nearer and nearer k: at fc they will 
be a pure green, but from thence toward i 
they will incline gradually to a blue : at i they 
will be a perfect blue, inclining to an indigo 
colour from thence toward h: at A they will 
be quite the colour of indigo, which will gra- 
dually change toward a violet, the nearer they 
are to g : and at g they will be of a fine violet 
colour, which will incline gradually to a red 
as they come nearer to f^ where the coloured 
image ends.^ 

* Since this work was composed important discoveries have 
been made concerning the nature and pi'operties of the prismatic 
spectrum. Let p ghe the spectrum (Plate XIX, Fig. 5) formed 
by the prism £ a its illuminating power is greatest in the line 
kf the confines of the g^een and yellow ; and the light decreases 
from G to p^ and from T to g. When Dr. Herschei was wishing 
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There is not an equal quantity of rays in 
eacli of tliesc colours ; for, if the oblong im- 
age pq be divided into 360 equal parts, the 
red space R will take up 45 of these parts ; 
the orange Oy 27; tlie yellow F, 48; the 
green 6?, 60 ; the blue if, 60 ; the indigo /, 
40; and the violet F, 80; all which spaces 

to determine whether or not the power of the differently colour* 
ed rays to heat bodies varied with their power to illuminate them, 
he found that their heating power increased from V to R. The 
mercury of the thermometer rose higher when its bulb was 
placed in / than when it was placed in K; still higher in B : and 
highest of all at R. Upon placing the bulb of the thermometer 
below R^ about y, quite out of the spectrum, he was surprised to 
find that the mercury rose highest of all ; and concluded, that rays 
proceed from the sun which have the power of beating, but not 
of illuminating, bodies. These rays are called invisible solar 
rays. Since the date of Dr. Hcrschel's discovery^ Mr. Bitter of 
Jena, has found, that the rays of the spectrum have different 
chemical properties ; and that there are invisible rays at p^ be- 
yond the violet, which act chemically, while they have neither 
the power of heating nor illuminating bodies. Mivriate of silver, 
exposed to the action of the red rays, became blackish ; a great- 
er effect was produced by the yellow ; a still greater by the vio- 
let; and the greatest of all by the invisible rays beyond the vio- 
let. When phosphorus was exposed to the action of invisible 
rays beyond tlie red, it emitted white fumes ; but the invisible 
rays beyond the vioUt extinguished ihcm. Mr. Uitter has also 
found, with all the prisms wliich lie used, that the solar rays give 
two coloured spectrums, which separate in proportion to their 
distance from the prism ; so that, at a certain distance, the one 
is ne.irly covered by the other. At the distance of four inches 
from the prism, this double spectrum may be easily distinguish- 
ed. The ingenious Mr. Leslie, professor of mathematics in the 
University of Kdinlairgh, maintains in opposition to Dr. Herscliel, 
♦ that heat is not propagated by radiation, but by means of certain 
aerial pulsai'-ons; aiid he ascribes the heat which Dr. Kerschel 
perceived beyond the red extremity of the spectrum to the con- 
centration of the extraneous rays, which come from portions 
of the sky adjacent to the body of the sun. There are, indeed, 
particular positions of the prism, m which tliese extran'eous rays 
are diffi'scd, and in whi'.h thty have their natural divergence; 
but takinj; the whoh- compass of the prism, t}»ere is a predomi- 
nant disp04.iiion to concentrate tht* extraneous light. See Mr. 
Leslie's excellent and profound work, on the nature Mid propt* 
gation of heat, Note 45. — £. Ed. 
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liire as nearly proportioned in the figure as the Plate 
Small space pq would admit of.* 

If all these colours be blended together again^ 
they will make a pure white ; as is proved thus. 
Take away the paper on Avhich the colours pq 
fell, and place a large convex glass J) in tue 
rays/, g^ A, &c. which will refract them so as 
to make them unite and cross each other at W; 
where, if a Avhite paper be placed to receive 
them, they will excite the idea of a strong live- 
ly white. But if the paper be placed farther 
from the glass, as at rs^ the different colours 
will appear again upon it, in an inverted order, 
occasioned by the rays crossing at W. 

As white is a composition of all colours, so 
black is a privation of them all, and, therefore, 
properly, no colour. 

Let two concentric circles be drawn on a Fig. 6 
smooth round board ABCDEFG, and the 
outermost of them divided into 360 equal parts, 
or degrees : then, draw seven right lines, as 
G e^, QB^ &c. from the centre to tlie outermost 
circle ; making the lines O •! and O B include 
80 degrees of that circle ; the lines O B and 
G C 40 degrees ; G C and G 7> 60 ; G D and 
GjE60; GJS^and G-F48; GjPandG6?27j 
G 6r and G •! 45. Then, between these two 
circles, paint the space AG red, inclining to 
orange near G ; GF orange, inclining to yel- 
low near F ; FE yelloM', inclining to green 
near jK; El) gi'een, inclining to blue near D; 
DC blue, inclining to indigo near C; CB in- 

* The above measures of the coloured spaces in the prismatic 
spectrum do no; always hold; nor are these spaces constantly 
proportional. There is an evident fallacy in Newton's experi- 
ment upon til is subject, for when the mean refractive power of 
Iflass is given, we cannot thence infer its power of dispevs)*'i». 
Bee Appbsdix on Achromatic telescopes. — K. Ku. 

YOL. J, St 
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All the digo, iiiclinins; to violet near B; and BJl 
wiouM*'*' violet, inclining to a soft red near d. This 
blended done, paint :iU that part of the board black 
mSk^r' which lies uithin the inner circle : and put- 
whiie. ting an axis through the centre of the board, 
let it be turned very swiftly round that axis, 
so as the rays proceeding from the above co- 
lours may be all blended and mixed together 
in coming to the eye ; and then the whole co- 
loured part will appear like a white ring, a 
little greyish ; not perfectly white, because no 
colours prepared by art are perfect. 

Any of these colours, except red and violet, 
may be made by mixing together the two con- ' 
tiguous prismatic colours. Thus, yellow is 
made ])y mixing together a due proportion of ' 
orange and green ; and green may be made by 
a mixture of yellow and blue.* 

All bodji^s appear of that colour w hose rays 
they refl^rfet most ; as a body appears red when 
it reflects most of the red-making rays, and ab- 
sorbs the rest. 
Transpa- Any two or moi'e colours that are quite traos- 
fo"rg^^.^' parent by themselves, become opaque when put 
come together. Thus, if water, or spirits of Avine, be 
put^tSge-^^^^^S^^^ red, and put in a. phial, every object seen 
tiier. through it will appear red ; because it lets only 
the red rays pass through it, and stops all the 
rest. If water or spirits be tinged blue, and pat 
in a phial, all objects seen tfaurough it will ap- 

* Our author is here mistaken, as pure yellow cannot be com- 
posed by mixing tof^cther any proportion fA green and erange. It 
is on this account that the celebrated Tobias Mayer, maintains, 
in opposition to Newton, CP<^ ^ffifiitate Colorum, in his Opera Ine* 
ilita, published by Litchenherg), that there are only /Arm prima- 
ry colours, viz. red, yellow, and violet,- because every other co- 
lour may be composed of a proper proportion of any two of Uiese, 
while iliey themselves are simple, and incapable of being com* 
pounded.— -E. Ed. 



Of Optics. ^ 281 

pear-blue^ because it transmits only the blue 
rays^ and stops all the rest. But if these two 
phials be held close together^ so as both of 
them may be between the eye and object, -the 
object will no more be seen through them than 
through a plate of metal ; for, whatever rays 
are transmitted through the fluid in the phial 
next the object, are stopped by that in the phi- 
al next the eye. In this experiment, the phi- 
als ought not to be round, but square ; because 
nothing but the light itself can be seen through a 
round transparent body, at any distance. 

As the rays of light suffer different degrees 
of refraction by passing obliquely through a 
prism, or through a convex glass, and are there- 
by separated into all the seven original or pri- 
mary colours ; so they also suffer different de- 
grees of refraction by passing through drops of 
falling rain ; and then, being reflected toward 
the eye, from the sides of these drops which 
are farthest from the eye, and again refracted 
by passing out of these drops into the air, in 
which refracted directions they come to the 
eye ; they make all the colours to appear in the 
form of a fine arch in the heavens, which is 
called the rain-bow. 

There are always two rain-bows seen toge- Piat* 
ther, the interior of which is formed by the rays ^?^y 
a6, which falling upon the upper part ft, of the *^* 
drop 6crf, are refracted into the line be as they 
enter the drop, and are reflected from the back 
of it at c, in the line erf, and then, by passing 
out of the drop into air, they are again refract- 
ed at d } and from thence they pass on to the 
eye at e ,• so that to form the interior bow, the 
ray suffers two refractions, as at b s^nd d; and 
one reflection, as at e. 
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PI.ATE The exterior bow is formed by rays whicli 
* suffer two reflections, and two refractions; 
which is the occasion of its being less vivid 
than the interior, and also of its colours being 
inverted with respect to those of the interior. 
For, when a ray ab falls upon the lower part 
of the drop bcde^ it is refracted into the direc- 

Fig. 8. tion be by entering the drop ; and passing on 
to the back of the drop at c, it is thence re- 
flected in the line cd, in which direction it is 
impossible for it to enter the eye at/.- but, by be- 
ing again reflected from the point d of the drop, 
it goes on in the drop to e, where it passes oat 
of the drop into the air, and is there refracted 
downward to the eye, in the direction ef.* 

* A rain-bow is sometimes seen in the evening, when the moon 
is near her full, formed by the refraction of her light througli 
the drops of rain, and is called the Lunar Iris.—E. Ed, 
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LECTURJES Vm AND IX. 

The description and use of the Globes^ and 

Jlrmillary Sphere. 



IF a map of the world be accurately de- The tet^ 
lineated on a spherical ball^ the surface there- ^*^^f 
of will represent the surface of the earth ; for 
the. highest hills are so inconsiderable with re- 
spect to the bulk of the earthy that they take off 
no more from its roundness^ than grains of sand 
do from the roundness of a common globe ; for 
the diameter of the earth is 8000 miles in round 
numbers^, and no known hill upon it is 3 miles 
in perpendicular height. 

That the earth is spherical, or round like a Proof of ^ 
globe, appears, 1. From its casting a round ^e^^^^^^* 
shadow upon the moon, whatever side be turned bular. 
toward her when she is eclipsed ; S. From its 
having been sailed round by several persons ; 
3. From our seeing the farther, the higher we 
stand ; 4. From our seeing the mast of a ship, 
while the hull is hid by the convexity of the 
water. 

The attractive power of the earth draws all And that 
terrestrial bodies toward its centre ; as is evi- pg^^ed ^ 
dent from the descent of bodies in lines per- on all sides 
pendicular to the earth's surface, at the places ^ny^ong^g 
whereon they fall ; even when they are thrown being in 
off from the earth on opposite sides, and con- ^^i^^^^ ^5 
sequently in opposite directions. So that theway"f?om 
earth may be compai*ed to a great magnet roll- ^^' 
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ed in filingB of steel, which attracts and keeps 
them equally fast to its surface on all sides. 
Hence, as all terrestrial bodies are attracted 
toward the earth's centre, they can be in no 
danger of falling from one side of the earthy 
more than from any other. 
The heavens or sky surround the whole earth, 
27^ and and whcu we speak of up or down, we mean 
^^t ®^^y ^^*^ regard to ourselves; fgr no point, 
either in the heavens, or on the surface of the 
earth, is above or heloWy but only with respect 
to ourselves. And let us be upon what part of 
the earth we will, we stand with our feet to- 
ward its centre, and our heads toward the sky; 
and so we say it is up toward the sky^ &nd 
down toward the centre of the earth. 
All ob- To an observer placed any where in the in- 
ihe^hea- definite space, where there is nothing to limit 
▼ens ap. his view, all remote objects appear equally dis- 
e^^u ^^^ ivom him ; and seem to be placed in a vast 
disunf. concave sphere, of which his eye is the centre. 
Every astronomer can demonstrate, that the 
moon is much nearer to us than the sun is ; 
that some of the planets are sometimes nearer 
to us, and sometimes farther from us, than the 
sun ; that others of them never come so near us 
as the sun always is ; that the remotest planet 
in our system, is, beyond comparison, nearer to 
us than any of tiie fixed stars are ; and that it is 
highly probable some stars are, in a manner, in- 
finitely more distant from us than others ; and 
yet all these celestial objects appear equally dis« 
The face tant fi'om US. Therefore, if we imagine a large 
^g^g^^^^*" hollo w sphere of glass to have as many bright 
earth re- studs fixed to its insidc, as there are stars visi- 
m ?^"^!^ ble in the heavens, and these studs to be of dif- 
cUine. ferent magnitudes^ and placed at the same an* 
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gular distances from each other as the stars ard^ 
the sphere will be a true representation of the 
starry heavens^ to an eye supposed to be in its 
centre^ and viewing it all around. And if a 
small globe^ with a map of the earth upon it^ 
be placed on an axis in the. centre of this star- 
ry sphere^ and the sphere be made to turn 
round on this axis^ it will represent the appa- 
rent motion of the heavens round the earth. 

If a great circle be so drawn upon this sphere^ 
as to divide it into two equal parts^ or hemi- 
spheres^ and the plane of the circle be perpen- 
dicular to the axis of the sphere^ this circle will 
represent the equinoctial^ which divides theThe<?g«;. 
heavens into two equal parts^ called the north- ^^^^^' 
em and the southern hemispheres ; and every 
point of that circle will be equally distant from 
the poleSy or ends of the axis in the sphere. — ThtpoUt. 
That pole which is in the middle of the north- 
em hemisphere will be called the north pole of 
the sphere^ and that which is in the middle of 
the southern hemisphere, the south pole. 

If another great circle be drawn upon the 
sphere, in such a manner as to cut the equi- 
noctial at an angle of S3^ degrees in two op- 
posite points, it will represent the ecliptic^ or The ecup- 
circle of the sun^s apparent annual motion ; one ^^' 
half of which is on the north side of the equi- 
noctial, and the other half on the south. 

If a large stud be made to move eastward in 
(his ecliptic, in such a manner as to go quite 
round it in the time that the sphere is turned 
round westward 366 times upon its axis ; this 
stud will represent the suuy changing his place The tun. 
every day a 365th part of the ecliptic ; and go- 
ing round westward, the same way as the stars 
do ; but with a motion so much slower than 
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the motion of the stars, that they will make 366 
revolutions about the axis of the sphere, in the 
time that the sun makes only 365. During one 
half of these revolutions, the sun will be on the 
north side of the equinoctial ; during the other 
half, on the south ; and at the end of each half^ 
in the equinoctial. 
The earth. If wc suppose the terrestrial globe in this 
machine to be about one inch in diameter, and 
the diameter of the staiTy sphere to be about 
five or six feet, a small insect on the globe 
would see only a very little portion of its sur- 
face ; but it would see one half of the starry 
sphere ; tlie convexity of the globe hiding the 
The appa- other half from its view. If the sphere be 
tTon ^Hhe turned westward round the globe, and the in- 
heavens. sect could judge of the appearances which arise 
from that motion, it would see some stars rising 
to its view in the eastern side of the sphere, 
while others were setting on the western ; but 
as all the stars are fixed to the sphere, the same 
stars would always rise in the same points of 
view on the east side, and set in the same points 
of view on the Avest side. With the sun it would 
be otherwise, because the sun is not fixed to any 
point of the sphere, but moves slowly along an 
oblique circle in it. And if the insect should 
look towards the south, and call tliat point of 
ihe globe, wliere the equinoctial in tlie sphere 
seems to. cut it on the left side, the east point; 
and where it cuts the 2;lobc on the right side, the 
west pointy the little animal would see the sun 
rise north of the east, and set north of the west^ 
for 18^1 revolutions ; after which, for as many 
more, the sun would rise south of the east, and 
set south of the west. And in the whole 365 
revolutions, the sun would rise only twice in 
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tliiB east pointy and set twice in the west. All 
these appearances would be the same^ if the 
starry sphere stood still (the sun only moving 
in the ecliptic) and the earthly globe wero 
turned round the axis of the sphere eastward. 
For, as the insect would be carried round with 
the globe, he would be quite insensible of its 
motion, and tlie sun and stars would appear to 
move westward. 

We are but very small beings when compa- 
red with our earthly globe, and the globe itself 
is but a dimensionless point compared with the 
magnitude of the starry heavens. Whether the 
^ earth be at rest, and the heavens turn round it, 
or the heavens be at rest, and the earth turns 
round, the appearance to tis will be exactly 
the same^ And because the heavens are so 
immensely large, in comparison of the earthy 
we see one half of the heavens as well from 
the earth's surface, as we could do from its. 
centre, if the limits of our view be not inter- 
cepted by hills. 

We may imagine as many circles described Circles of 
upon the earth as we please : and we may ima- '^ «P*"*^- 
gine the plane of any circle described upon the 
earth to be continued, until it marks a circle in 
the concave sphere of the heavens. 

The horizon is either sensible or rational. The hori*' 
The sensible horizon is that circle, which a*°"* 
man standing upon a large plane, observes to 
terminate his view all around, where the hea- 
vens and earth seem to meet. The plane of 
our sensible horizon continued to the heavens, 
divides it into two hemispheres'; one visible to 
us, the other hid by the convexity of the earth. 

The plane of thei rational horizon, issuppo- 
«ied parallel to the plane of the sensible ^ to 
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pass through the centre of the earth, and to Btf 
continued to the heavens. And although the 
plane of the sensible horizon touches the earth 
in the place of the observer, yet this plane, and 
that of the rational horizon, will seem to coin- 
cide in the heavens, because the whole earth 
is but a point compared to the sphere of the 
heavens. 

The earth being a spherical body, the hori- 
zon, or limit of our view, must change as we 
change our place. 

Poles. The poles of the earthy are those two points 

on its surface in which its axis terminates. — 
The one is called the north pole, and the other 
the south pole. 

Th(d poles of the heavens, are those two points 
in which the earth's axis produced terminates 
in the heavens : so that the noirth pole of the 
heavens is directly over the north pole of the 
eai'th ; and the south pole of the heavens is di- 
rectly over the south pole of the earth. 

Equator, The equatov is a great circle upon the earth, 
every part of which is equally distant from 
cither of the poles. It divides the earth into 
two equal parts, called the northern and south- 
ern hemispheres. If we suppose the plane of 
this circle to be extended to the heavens, it will 
mark the equinoctial therein, and will divide 
the heavens into two equal parts, called the 
northern and southern hemispheres of the hea- 
vens. 

Meridian. The meridian of any place is a great circle 
passing through that place and the poles of the 
earth. We may imagine as many such meri- 
dians as we please, because any place that is 
ever so little to the east or west of any other 
place, has a different meridian from that place; 
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for BO one circle can pass through any two such 
places and the poles of the earth. 

The meridian of any place is divided by the 
poles^ into two semicircles : that which passes 
through the place is called the geographical or 
upper meridian / and that which passes through 
the opposite place is called the lower meridian. 

When the rotation of the earth brings the Mm and 
plane of the geographical meridian to the sun, ^^-'^s^^- 
it is noony or mid-day y to that place ; and when 
our lower meridian comes to the sun, it is mid- 
oiight. 

All places lying under the same geographi- 
cal meridian have their noon at the same time, 
and consequently all the other hours. All those 
places are said to have the same longitude^ be- 
cause no one of them lies either eastward or 
' westward from any of the rest. 

If we imagine 24 semicircles, one of which ffour^ 
is the geographical meridian of a given place, "'''^'*^*- 
to meet at the poles, and to divide the equator 
into 24 equal parts, each of these meridians will 
come round to the sun in 24 hours, by the 
earth's equable motion round its axis in that 
time. And, as the equator contains 360 de- 
jgrees, there will be 15 degrees contained be- 
tween any two of these meridians which are 
nearest to one another; for, 24 times 15 is 360, 
And as the earth's motion is eastward, tlie sun's 
apparent motion w ill be westward, at the rate 
of 15 degrees each hour. Therefore, 

They whose geographical meridian is 15 dcr Lqngitude, 
grees eastward from us, have noon, and every 
other hour, an hour sooner than we have. They 
whose meridian is 15 degrees westward fronj 
U9, have noon, and every other hour, an hour 
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later than wc have : and so on in proportion, 
reckoning one liour for every IS degrees. 

As the earth turns round lis axis once in S4i 
hours^ and shows itself all around tD tlie sun in 
that time, so it goes round the sun once a year, 
Eeiijnie, in a great circle called the ecliptic^ which cross- 
es the equinoctial in two opposite points, mak- 
ing an angle of 23 * degi'ees with the equinoc- 
tial on each side. So that one half of the eclip- 
tic is in the northern hemisphere, and the other 
in the southern. It contains 300 equal parts, 
called degrees, (as all other circles do, whether 
great or small) and as the earth goes once 
round it every year, the sun will appear to do 
the same, clianging his place almost a degree, 
at a mean rate, every 24 iiours. So that what- 
ever place, or degree of the ecliptic, the earth 
is in at any time, the sun will then appear in the 
opposite. And as one half of the ecliptic is on 
the north side of the equinoctial, and the other 
half on the south, the sun, as seen from the 
earth, will be half a year on the south side of 
the equinoctial, and half a year on the north ; 
and twice a year in the equinoctial itself. 
Si^nt tnd The ecliptic is divided by astronomers into 
drjreea. ^g cqual parts. Called signs, each sign into 30 
degrees^ and each degree into 60 minutes: but 
in using the globes, we seldom want the sun's 
place within less than hiilf a degree of the truth. 
The names and characters of the 12 signs are 
as follows : beginning ai thai point of the eclip- 
tic wheiT. it crosses the equinoctial to the north- 
ward, and retkoiiiug east\>ard round to the 
same point again. And the days of the months 
/in which the sun now enters the signs, are set 
down below them. 
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Taurus^ 

April 
19 



Gemini^ 

n 

May 

20 



Cancer^ 

Jun6 
21 



VivgOp lAbrttf Scorpio^ 

nji sfis n^ 

August September October 

2& 22 22 



JlvieSy 

March 
20 

Leoy 

a 

July 
22 



{Sagittarius^ Capricornu^P Aquarius^ PisceSp 

November December January February 
21 21 19 18 

By remembering on what day the sun enters 
any particular sign^ we may easily find his place 
any day afterward, while he is in that sign, by 
reckoning a degree for each day ; which will 
occasion no error of consequence in using the 
globes. 

When the sun is at the beginning of JSirieSy 
he is in the equinoctial ; and from that time he 
declines northward every day, until he comes 
to the beginning of Cancer^ which is 23^ de- 
grees from the equinoctial ; from thence he re- 
cedes southward every day, for half a year ; iu 
the middle of which half, he crosses the equi- 
noctial at the beginning of Libra^ and at the 
end of that half year, he is at his greatest south 
declination, in the beginning of Capricorn^ 
which is also 23^ degrees from the equinoctial. 
Then he returns northward from Capricorn 
every day, for half a year ; in the middle of 
vrhich half, he crosses the equinoctial at the 
beginning of Jriesp and at the end of it he ar- 
rives at Cancer. 
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The sun's motion in the ecliptic is not per- 
fectly equable^ for he continues 8 days longer 
in the northern half of the ecliptic than in the 
southern : so that the summer half year^ in the 
northern hemisphere^ is 8 days longer than the 
iviuter half year; and the contrary in the 
southern hemisphere. 

Trapic*. The tvopics are lesser circles in the heavens^ 
parallel to the equinoctial ; one on each side of 
it^ touching the ecliptic in the poiirts of its 
greatest declination ; so that each ti*opic is S3^ 
degrees from the equinoctial^ one on the north 
side of it^ and the other on the south. The 
noi*thern tropic touches the ecliptic ut the be* 
ginning of Cancer^ the southern at the begin* 
ning of Capricorn f for which reason the for- 
^ mer is called the tropic of Cancer^ and the lat- 
ter the tropic of Capricorn^ 

jPo&r cir- The polar circles in the heavens are each 23^ 
degrees from the poles^ all round. That which 
goes round the north poles is called the arctic 
circle^ from ^f*Toc, which signifies a bear^ there 
being a collection or group of stars near the 
norUi pole, wliich goes by that name. The 
south polar circle, is called the antarctic circle^ 
from its being opposite to the arctic. 

The ecliptic, tropics, and polar circles^ are 
drawn upon the terrestrial globe, as well as 
upon the celestial. But the ecliptic, being a 
great fixed circle in the heavens, cannot pro- 
perly be said to belong to the terrestrial globe; 
and is laid down upon it only for the conveni- 
ency of solving some problems. So that, if this 
circle on the terrestrial globe were properly di- 
vided into the months and days of the year, it 
would not only suit the globe better, but would 
also make the problems thereon mu^h easier* 
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In* order to form a true idea of the earth^si 
motion round its axis every S4 hours^ which isl 
the cause of day and night ; and of its motion 
in the ecliptic round the sun every year, which 
is the cause of the different lengths of days and 
nights, and of the vicissitude of seasons — ^take 
the following method^ which will be both easy 
and pleasant. 

Let a small terrestrial globe, of about three An idea of 
inches diameter, be suspended by a long thread 
of twisted silk, fixedv to its north pole : then 
having placed a lighted candle on a table, to 
represent the sun, in the centre of a hoop of a 
large cask, which may represent the ecliptic, 
the hoop making an angle of 23| degrees t^ith 
the plane of the table ; hang the globe within 
the hoop near to it; and if the table be level, 
the equator of the globe will be parallel to the 
table, and the plane of the hoop will cut the 
equator at an angle of S3^ degrees : so that one 
half of the equator will be above the hoop, and 
the other half below it ; and the candle will 
enlighten one half of the globe, as the sun en« 
lightens one half of the earth, while the other 
half is in the dark. 

Things being thus prepared, twist the thread 
toward the left hand, that it may turn the globe 
the same way by untwisting ; that is, from west^ 
by south, to east. As the globe turns round its 
axis or thread, the different places of its surface 
will go regularly through the light and dark ; 
and have, as it were, an alternate return of day 
and night in each rotation. As the globe con- 
tinues to turn round, and to show itself all 
around to the candle, carry it slowly round the 
hoop by the thread, from west, by south, to 
east ; which is the way that the earth moves 
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convenient for putting the poles of the globe 
through the horizon^ and for elevating the pole 
to small latitudes^ and declinations of the sun; 
which cannot be done wrhere there is only one 
horary circle fixed to the outer edge of the 
brazen meridian. 

There is a thin slip of brass^ called the quad- 
rant of altitude^ which is divided into 90 equal 
parts or degrees^ answering exactly to so many 
degrees of the equator. It is occasionally fix- 
ed to the uppermost point of the brazen meri- 
dian by a nut and screw. The divisions end 
at the nut^ and the quadrant is turned round 
upon it. 

As the globe has been seen by most people, 
and upon the figure of which^ in a plate^ nei- 
ther the circles nor countries can be properly 
expressed, we judge it would signify very lit- 
tle to refer to a figure of it ; and shall, there- 
fore, only give some directions how to choose 
a globe, and then describe its use. 
Directions 1. gee that the papers be well and neatly 
inggio^s" Pasted on the globes, which you may know, if 
the lines and circles thereon meet exactly, and 
CQutinue all the way even and whole ; the cir- 
cles not breaking into several arches, nor the 
papers either coming short, or lapping over 
one another. 

S. See that ihe colours be transparent, and 
. not laid too thick upon the globe to hide the 
names of places. 

3. See that the globe h^ngs evenly between 
the brazen meridian and the wooden horizon; 
not inclining either to one side or to the other. 

4. See that the globe be as close to the ho- 
rizon and meridian as it conveniently may; 
otherwise you will be too much puzzled to 
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find against what part of tbe globe any degree 
of the meridian or horizon is. 

5. See that the equinoctial line be even with 
the horizon ,all around^ as the north or south 
pole is elevated 90 degrees above the horizon. 

6. See that the equinoctial line cuts the ho- 
rizon in the east and west points^ in all eleva- 
tions of the pole from to 90 degrees. 

7. See that the degree of the brazen meri- 
dian marked with 0, be exactly over the equi- 
noctial line of the globe. 

8. See that there be exactly half of the bra- 
zen meridian above the horizon : which you 
may know, if you bring any of the decimal di- 
visions pn the meridian to the north point of 
the horizon, and find their complement to 90 
in the south point. 

9. See that when the quadrant of altitude is 
placed as far from the equator, or the brazen 
meridian, as the pole is elevated above the ho- 
rizon, the beginning of the degrees of the quad- 
rant reaches just to the plane surface of the 
horizon. 

10. See that while the index of the hour- 
circle (by the motion of the globe) passes from 
one hour to another, 15 degrees of the equator 
pass under the graduated edge of the brazen 
meridian. 

11. See that the wooden horizon be made 
substantial and strong : it being generally ob- 
served, that in most globes, the horizon is the 
first part that fails, on account of its having 
been made too slight. 

In using the globes, keep the east side of Directions 
the horizon toward you, (unless your problem [^g^**"^' 
requires the turning of it) which side you may 
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know by the word east upon the horizon ; for 
then you have the graduated side of the meri- 
dian toward you, the quadrant of altitude be- 
fore you, and the globe divided exactly into 
two equal parts, by the graduated side of the 
* meridian. 

In working some problems, it will be ne- 
cessary to turn the whole globe and horizon 
about, that you may look on the west side 
thereof: which turning will be apt to jog the 
ball so as to shift away that degree of the 
globe which was before set to the horizon or 
meridian : to avoid which inconvenieotce, you 
may thrust in the feather-end of a quill be- 
tween the ball of the globe and the brazen 
* meridian; which, without hurting the ball, 
will keep it from turning in the meridian, 
while you turn the west side of the horizon 
toward you. 



PROBLEM I. 

To Jlnd the latitude^ and longitude^ of ann 
given place upon the globe. 

Turn the globe on its axis, until the given 
place comes exactly under that graduated side 

• The latitude of a place is i^ illstarce from the equator, and 
is north or south, as the place is r.orih or south of the eqtiator. 
TU.vse wh-.'» live *: he equator have no Utitude^ because it is 
theiv thai the Uiitude bcg'iiis. 

t The loni:::ude or'a pUce is the r.umbcr of degrees (reckon- 
ed upon the iq .aior) :hM the rneri in of :he siid place is dis- 
tant from ihe n.orid'.an ot ^ry o: cp :^".*ce from whLh we reckon, 
either eas;>kird or utstward. for 1?J ie-jwes. or hilf roar.d the 
Kijbc The Briiisb reckon :he lj--.c::uae tr-^r~. :be r?.erid:an of 
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of the braz^u meridian^ on which the degrees 
are numbered from the equator ; and observe 
what degree of the meridian the place then lies 
under; which is its latitude^ north or souths as 
the place is north or south of the equator. 

The globe remaining in this position^ the 
degree of the equator^ which is under the bra- 
zen meridian^ is the longitude of the place^ 
(from the meridian of London on the English 
globes) and is east or west^ as the place lies 
on the east or west side of the first meridian of 
the globe. — All the Atlantic ocean^ and Ame- 
rica^ is on the west side of the meridian of 
London ; and the greatest part of Europe^ aftd 
of Africa^ together with all Asia, is on the 
east side of the meridian of Iiondon^ which is 
reckoned the first meridlffik of the globe by the 
British geographers and astronomers. ' 



PROBLEM II. 

The longitude and latitude of a place being giv^ 
eny to find that place on the globe. 

Look for the given longitude in the equatw, 
(counting it eastward or westward from the first 
' meridian^ as it is mentioned to be east or west) 
and bring the point of longitude in the equator 
to the brazen meridian^ on that side which is 
above the south point of the horizon ; then 
count from the equator^ on the brazen meridian^ 
to the degree of the given latitude^ toward the 



London, and the French from the meridian of Paris. The meri- 
dian of that place, from which the longitude is reckoned, is call- . 
ed the Jlvsi mer'>dian. Tiie places upon this meridian have no 
longitude, because it is there that the longitude begins. 
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north or south pole, according as tiie latitude 
is north or south; and under that degree of 
- latitude on the meridian^ you will have the 
place required. 



PROBLEM III. 

To find the difference of langitude^ and differ- 
ence of latitvde^ between any two given pla- 
ces. 

Bring each of these places to the brazen me- 
ridian, and see what its latitude is : the lesser 
latitude subtracted from the greater, if both 
places be on the same side of the equator, or 
both latitudes i^ded together, if on different 
sides of it, will ^ifj^ the difference, of latitude 
required. And the number of degrees contain- 
ed between these places, reckoned on the equa- 
tor, when they are brought separately under 
the brazen meridian, is their difference of lon- 
gitude ; if it be less than 180 : but if more, let 
it be subtracted from 360^ and the remainder 
will be the difference of longitude required. 
Or, 

Having brought one of the places to the bra- 
zen meridian, and set the hour-index to XII, 
turn the globe until the other place comes to 
the brazen meridian, and the number of hours 
and parts of an hour, passed over by the index, 
will give the longitude in time ; which may be 
easily reduced to degrees, by allowing IS de- 
grees for every hour, and 1 degree for every 4? 
minutes. 

J\r. B. When we speak of bringing any place 
to the brazen meridian, it is the graduated side 
of the meridian that is meant. 
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PROBLEM IV. 

Jlny place being given^ to find all those placed 
that have the same longitude and latitude 
Tvith it. 

Bring the given place to the brazen meridian^ 
then all those places which lie under that side 
of the meridian^ from pole to pole^ have the 
same longitude with the given place. Turn the 
globe round its axis^ and all those places which 
pass under the same degree of the meridian that 
the given place does^ have the same latitude 
with that place. 

Since all latitudes are reckoned from the 
equator^ and all longitudes are reckoned from 
the first meridian^ it is evident^ that the point 
of the equator which is cut by the first meri- 
dian^ has neither latitude nor longitude.— ^The 
greatest latitude is 90 degrees^ because no place 
is more than 90 degrees from the equator. And 
the greatest longitude is 180 degrees^ because 
no plac<o is more than 180 degrees from the first 
meridian. 



PROBliEM V. 

To find the antoeci,* perioBci^f ^^^ antipodes,{ 

of any given place. 

Bring the given place to the brazen meri* 
dian^ and having found its latitude^ keep the 

* The antaci are those people who live on the same meridian, 
and in equal latitudes, on different sides of the equator. Beings 
am the same meridian, they have the same hours ; that is, when 

VOL. I. S Y 
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globe in that situation^ and eount the same 
number of degrees of latitude from the equator 
toward the contrary pole, and where the reck- 
oning ends, you have the awfcect of the given 
place upon the globe. Those who live at the 
equator have no antcecL 

The globe remaining in the same position, 
set the hour-index to the upper XII, oh the 
horary circle, and turn the globe until the in- 
dex comes to the lower XII ; then, the place 
which lies under the meridian, in the same la- 
titude with the given place, is the periceci re- 
quired. Those who live at the poles have no 
perioeci. 

As the globe now stands, (with the mdex at 
the lower XII) the antipodes of the given place 

it IS noon to one, it is also noon to the other ; and when it is mid- 
nig^ht to the one, it is also midnight to the other, &c. Being sa 
X different sides of the equator, they have different or opposite 
7 seasons at the same time; the length of any day to the one, if 
equal to the length of the night of that day to the other; and 
they have equal elevations of the different poles. 

f The periaci are those people who live on the same paraSd 
of latitude, but on opposite meridians : so that though their la- 
titude be the same, their longitude differs 180 degrees. By be- 
ing in the same latitude, they have equal elevations of the same 
pole (for the elevation of the pole is always equal to the latitude 
of the place), the same length of days or nights, and the same 
seasons. But being on opposite meridians when it is noon to the 
one, it is midnight to the other. 

t The antipodes are those who live diametrically opposite to 
one another upon the globe, standing with feer toward feet, on 
opposite meridians and parallels. Being on opposite sides of the 
equator, they have opposite seasons, winter to one, when it is 
summer to the other ; being equally distant from the equator, 
' they have their contrary poles equally elevated ajbpve the hori- 
zon ; being on opposite meridians, when it is noon to one, it must 
be midnight to the other ; a^d as the sun recedes from the one 
when he approaches to the other, the length of the day to one 
must be equal to the length of the night at the same time to the 
other. 
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will be under the same point of the brazen me- 
ridian where its antoeci stood before. Every 
place upon the globe has its antipodes. 



PROBLEM VI. 

Tojind the distance between any two places on 

the globe. 

Lay the graduated edge of the quadrant of 
altitude over both the places^ and count the 
number of degrees intercepted between them 
on the quadrant ; then multiply these degrees 
by 60, and the product will give the distance 
in geographical miles : but to find the distance 
in English miles, multiply the degrees by 69|, 
and the product will be the number of miles 
required. Or, take the distance between any 
two places with a pair of compasses, and ap- 
ply that extent to the equator ; the number of 
degrees, intercepted between the points of the 
compasses, is the distance in degrees of a 
great circle;* which may be reduced either 
to geographical miles, or to English miles, ai^ 
above. 

* Any circle that divides the globe into two equal parts, is 
called a great circle, as the equator or meridian. Any circle that 
divides the globe into two unequal parts (which every parallel of 
latitude does) is called a lesser circle. Now, as evc^ry circle, 
whether great or small, contains 360 degrees, and a degree upon 
the equator or meridian contains 60 greographical miles, it is 
evident, that a degree of longitude upon the equator, is longer 
than a degree of longitude upon any parallel of latitude, and 
must therefore contain a greater number of miles. So that, al- 
though all the degrees of latitude are equally long upon an arti- 
ficial globe^ (though not precisely so upon the earth itself) yet 
the degrees of longitude decrease in length, as the latitude 
increases, but not in the same proportion. The following table 
shows the length of a degree of longitude, in geographical miles, 
and hundredth parts of a mile, .for every degree of latitude, from 
the equator to the poles : a degree on the c^^uator being 60 geo- 
graphical mil«9* 
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PROBLEM VII, 

«2 place on the globe being given, and its dis* 
tance from any other pkic^, to find all the 
other places upon the globe which are Kt the 
eaitie distance from the given place. 

Bripg the giveii place to the brazen meri- 
dian^ and screw the quadrant' of altitude to the 
ineridian^ directly over that place ; then keep- 
ing the globe in that jppsition^ turn the quad- 
raut quite round upon it^ and the degree of the 
quadrant that touches the second place^ will 
pass over all the other places which are equal- 
ly distant with it from the given place. 

This is the same as if one foot of a pair of 
compasses was set in the given place^ and the 
other foot extended to the second place^ whose 
distance is known; for if the compasses be 
then turned round the first place as a centre, 
the moving foot will go over all those places 
which are at the same distance with the secoa^ 
:from it. 



\ 
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A TABLE, 

Showing the number of milei? in- a degree of 
longitude^ in any given degtee of latitude. 







•b 




b 

CD 






CD Y^ 


• 




• 


1— i< *^ 


1 


59.99 


31 


51.43 


61 


39.09 


2 


59.96 


33 


50.88 


63 


38.17 


3 


59.93 


33 


50.33 


63 


37.34 


4 


59.85 


34 


49.74 


64 


36.30 


5 


59.77 


35 


49.15 


65 


35.36 


6 


59.67 


36 


48.54 


66 


34.41 


7 


59.56 


37 


47.9s 


67 


33.44 


8 


59.43 


38 


47.38 


68 


33.48 


9 


59.36 


39 


46.63 


69 


31.50 


10 


59.09 


40 


45.97 


70 


30.53 


11 


58.89 


41 


45.38 


71 


19.53 


13 


58.69 


43 


44.59 


.73 


18.54 


13 


58.46 


43 


43.88 


73 


17.54 


14< 


58.33 


44 


43.16 


74 


16.53 


19 


57.95 


45 


43.43 


75' 


19.53 


16 


57.67 


46 41.68 76 


14.51 


17 


57.38 


47 


40.93 


77 


13.50 


18 


57.O6 


48 


40.15 


78 


13.48 


19 


56.73 


49 


39.36 


79 


11.45 


30 


56.38 


50 


38.57 


80 


10.43 


31 


56.03 


51 


37.76 


81 


9.38 


33 


55.63 


53 


36.94 


83 


8.35 


33 55.33 


53 


36.11 


83 


7.33 


.34) 


54.81 


54 


35.37 


84 


6.38 


35 


54.38 


55 


34.41 


85 


5.34 


36 


53.93 


56 


33.55 


86 


4.30 


37 


53.46 


57 


33.68 


87 


3.15 


38 


53.96 


58 


31.79 


88 


3.101 


39 


53.47 


59 


30.90 


89 j 1.05 


30 


51.96 


60 


30,00 


90 0.00 
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PROBLEM VII, 

«2 place an the globe being given^ and its dis^ 
tance from any other plac^y to find all the 
other places upon the globe which are ^t the 
sarhe distance from the given place. 

Brifig the giveii place to the brazen meri- 
dian^ and screw the quadrant of altitude to the 
meridian; directly over that place ; then keep- 
ing the globe in that position^ turn the quad- 
raat quite round upou it, and the degree of the 
quadrant that touches the second place, will 
pass over all the other places which are equal-' 
\y distant with it from the given place. 

This is the same as if one foot of a pair of 
compasses was set in the given place, and the 
other foot extended to the second place, whose 
distance is known; for if the compasses be 
then turned round the first place as a centre, 
the moving foot will go over all those places 
which are at the same distance with the secoa^ ' 
from it. 
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A TABLE, 

m 

Showing the number of miles in^ a degree of 
longitude, in any given degree of latitude. 



b 

CD 

1 


Parts. 
Miles. 


Deg. 


Parts. 
Miles. 


Deg. 


Parts. 
Miles. 


59.99 


31 


51.43 


61 


29.09 


2 


59.96 


32 


50.88 


62 


28.17 


3 


59.92 


33 


50.32 


63 


27.24 


4 


59.85 


34 


49.74 


64 


26.30 


5 


59.77 


35 


49.15 


66 


25.36 


6 


59.67 


36 


48.64 


66 


24.41 


7 


59.56 


37 


47.92 


67 


23.44 


8 


59.42 


38 


47.28 


68 


22.48 


9 


59.26 


39 


46.63 


69 


21.50 


10 


59.09 


40 


45.97 


70 


20.92 


11 


58.89 


41 


45.28 


71 


19.53 


12 


58.69 


42 


44.69 


,72 18.54 1 


13 


58.46 


43 


43.88 


73 


17.54 


14< 


58.22 


44 


43.16 


74 


16.53 


15 


57.95 


46 


42.43 


75 


15.52 


16 


57.67 


4« 41.68 


76 


14.61 


17 


57.38 


47 


40.92 


77 


13.60 


18 


57.06 


48 


40.15 


78 


12.48 


19 


56.73 


49 


39.36 


79 


11.46 


SO 


56.38 


50 


38.67 


80 


10.42 


21 


56.02 


61 


37.76 


81 


9.38 


23 


55.63 


62 


36.94 


82 


8.35 


23 


56.23 


53 


36,11 


83 


7.32 


.24) 


64.81 


54 


35.27 


84 


6.28 


25 


54.38 


55 


34.41 


85 


6.24 


26 


53.93 


56 


33.55 


86 


4.20 


27 


63.46 


57 


32.68 


87 


3.16 


28 


52.96 


58 


31.79 


88 


2.IQ1 


29 


52.47 


59 


30.90 


89; 1.05 


30 61.96 


60 30.00 


90 0.00 
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PROBLEM XII. 

JSL place being given in the torrid zone^* to find 
those two days of the year on which the sun 
shall be vertical to that place. 

Bring the given place to the brazen meri- 
dian^ and mark the degree of latitude that is 
exactly over it on the meridian ; then turn the 
globe round its axis^ and observe the two de- 
grees of the ecliptic Which pass exactly under 
that degree, of latitude : lastly^ find on the 
wooden horizon the two days of the yea* on 
which the sun is in those degrees of the^eclip- 
tic, and they are the days required : for, on 
them, and none else, the sun's declination is 
equal to the latitude of the given place ; and, 
consequently, he will then be vertical to it at 
noon. 



• The globe is divided into five zones ; one torrid, two tempe- 
rate, and two frigid. The torrid zone lies between the two tro- 
pics, and is 47 degrees in breadth/or 33^ on each side of the 
equator: the temperate zones lie between the tropics and polar cir- 
cles, or from 23^ degrees of laiitudci to 66}, on each side of the 
equator ; and are each 43 degrees in breadth : the frigid zones 
are the spaces included within the polar circles, which being 
each 23i degrees from their respective poles, the diameter of 
each of these zones is 47 degrees. As the sun never goes with- 
out the trophies, he must every moment be vertical to some place 
or other in. the torrid zone. 
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PROBLEM Xllt* 

To find all those places of the north frigid zone^ 
where the sun begins to shine constantly with- 
out setting, on any given day, from the 20tk 
of March io the 22d of September. 

On these two days^ the stiii ts iu the equi- 
noctial^ and enlightens the globe exactly froni 
pole to pole : therefore^ as the earth turns round 
its axis, which terminates in th^ poles> every 
place upon it will go equally through the light 
and the dark, and so make the day and night 
equal to all places of the earth. But, as the sun 
declines from the equator, toward either pole^ 
he will shine just as many degrees round that 
pole, as are equal to his declination from the 
equator ; so that no place within the distance 
of the pole will then go through any part of 
the dark, and consequently the sun will not 
set to it. Now, as the sun's declination is 
northward, from the 30th of March to the 22d 
of September, he must constantly shine round 
the north pole all that time ; and on the day 
th^^t he is in the northern tropic, he shines up- 
on the whole north frigid zone; so that no 
place within the north polar circle goes through 
any part of the dark on tliat day. Therefore^ 

Having brought the sun's place for the giv- 
en day to the brazen meridian, and found his 
declination (by Prob. IX) count as many de- 
grees on the meridian, from the north pole, as 
are equal to the sun's declination from the 
equator, and mark that degree from the. pole 
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fae above the horizon : and this height may be 
known^ by fixing the quadrant of altitude on 
the br9.2;en meridian over the place to which 
the sun is vertical ; and then^ laying it oyer * 
any other place^ observe what number of de- 
grees on the quadrant are intercepted between 
the said place and the horizon. In all those 
vplaces that are 18 degrees below the western 
semicircle of the horizon^ the morning twilight 
is just beginning ; in all those places that are 
18 degrees below the eastern semicircle of th^ 
horizon^ the evening twilight is ending ; and 
all those places that are lower thau 18 degrees 
have dark nighty 

If any place be brought to the upper semi* 
circle of the brazen meridian^ and the hour-in- 
dex be set to the upper XJI, or noon^ and then 
the globe be turned round eastward on its ax- 
is; when the place comes to the western semi- 
circle of the horizon^ the index will show the 
time of sun-rising at that place ; and when the 
jsame place comes to the eastern semicircle of 
the hoviT'On, the iiidex will show the time of 
6unset. 

To those places which do not go under the 
horizon^ the sun sets not on that day ; and to 
those which do ^ot come abov^ it^ the sun does 
fiotfi^e. 

PROBLEM XVI. 

The day and hour of a lunar eclipse being gin- 
en, to find all those places of the earth ta 
'which it ijpill he '^isihle^ 

T|i^ inoon U never eclipsed but when she is 
1^^^ ^Od so directly opposite to the sun^ that 
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the earth's shadow falls upon her* Therefore^ 
whatever place of the earth the sun is vertical 
to at that time, the moon must be vertical to the 
antipodes of that place ; so that the sun will 
be then visible to one half of the earthy and the 
moon to the other. 

Find the place to which the sun is vertical 
at the given hour (by Prop, XIV), elevate the 
pole to the latitude of that place, and bring 
the place to the upper part of the brazen meri- 
dian, as in the former probleia : then, as the 
sun will be visible to all those parts of the 
globe, which ^.re above the horiz^on, the 
moon will be visible to all those parts of the 
globe which are below it, at the time of her 
greatest obscuration. 

!3ut with regard to an eclipse of the sun, 
there is no such thing as showing to what pla- 
ces it will be visible, with any degree of cer- 
tainty, by a common globe ; because the moon's 
shadow covers but a small portion of the earth's 
surface ; and her latitude, or declination from 
the ecliptic, throws her shadow so variously 
ppon the earth, that to determine the places on 
which it falls^ recourse must be had to long 
calculations. 

PROBLEM XVII. 

To rectify the globe for the latitude^ the zenithy^ 

and the sun^s place, 

Find the latitude of the place (by Prop. I), 
fUid if the place be in the northern hemisphere^ 

* The lenithf in this sense, is the highest point of the brazen 
meridian above the horizon ; but in the proper sense it is that 
point of the heavens which is directly vertical to any given placci 
M v^y S^T^ 'p»\mi of time; 
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raise the north pde above the north |N)uit of 
the horizon; as many degrees (counted from the 
pole upon the brazen meridian) as are equal to 
the latitude of the place. If the place be in the 
southern hemisphere^ raise the south pole above 
the south point of the horizon^ as many degrees 
as are equal to the latitude. Then turn the 
globe till the place comes under its latitude on 
the brazen meridian^ and fasten the quadrant 
of altitude so^ that the chamfered edge of its 
nut (which is even with the graduated edge) 
may be joined to the zenith^ or point of lati- 
. tude. This done^ bring th^ sun^s place in the 
ecliptic for the given day (found by Prop. X), 
to the graduated side of the brazen meridian, 
and set the hour-index to XII at noon, which 
is the uppermost XII on the hour-circle ; and 
the globe will be rectified. 
Benuirk. The latitude of any place is equal to the el- 
evation of the nearest pole of the heavens, above 
the horizon of that place ; and the poles of the 
heavens are directly over the poles of the earth, 
each 90 degrees from the equinoctial line. Let 
us be upon what place of the earth we will, if 
the limits of our view be not intercepted by 
hills, we shall see one half of the heavens, or 
90 degrees every way round, from that point 
which is over our heads. Therefore, if we 
were upon the equator, thQ poles of the hea- 
vens would lie in our horizon, or limit of our 
view ; if we go from the equator, toward eith- 
er pole of the earth, we shall see the corres- 
ponding* pole of the heavens rising gradually 
above our horizon, just as many degrees as we 
have gone from the equator : and if we were 
at either of the earth's poles, the corresponding 
pole of the heavens would be directly over our 
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head. Consequently^ the elevation or height of 
the pole in degrees ahove the horizon^ is equal 
to the number of degrees that the place is from 
the equator. 

PROBLEM XVIII. 

The latitude of any place^ not exceeding 66^ 
degrees^^ and the day of the months being 
given^ to find th^ time of sun-rising and set- 
tings and consequently the length of the day 
and night. 

Having rectified the globe for the latitude^ 
and for the sun^s place on the given day^ (as 
directed in the preceding problem) bring the 
sun's place in the ecliptic ^o the eastern side of 
the horizon^ and the hour-index will show the 
time of sun-rising ; then turn the globe on its 
axis^ until the sun's place comes to the western 
side of the horizon^ and the index will show 
the time of sun-setting. 

The hour of sun-setting doubled^ gives the 
length of the day^ and the hour of sun-rising 
doubled^ gives the length of the night 

* All places whose latitude is more than 66| degrees, are in 
the frigid zones : and to those places the sun does not set in sum- 
mer, for a certain numher of diurnal revolutions, which occasions 
Uiis limitation of latitude. 
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PROBLEM XIX. 

The latitude of any place, and the day of the 
month, being given, to find when the morn- 
ing twilight begins, and the evening twi- 
light ends, in that place* 

ll'his problem is often limited ; for, when tbe 
stin does not go 18 degrees below the horizon; 
the twilight continues the whole night ; and for 
several nights together in summer^ between 49 
and 66^ degrees of latitude ; and the nearer to 
66^^ the greater is the number of these nights. 
But when it does begin and end^ the following 
method will show the time for any given day*. 

Rectify the globe^ and bring the sun^s place 
in the ecliptic to the eastern side of the horizon; 
then mark that point of the ecliptic with ehalk 
which is in the western side of the horizon^ it 
being the point opposite to the sun's place : this 
done^ lay the quadrant of altitude over the ssdd 
point; and turn the globe eastward; keeping the 
quadrant at the chalk-mark; until it is just 18 
degrees high on the quadrant ; and the index 
will point out the time when the morning twi- 
light begins : for the sun^s place will then be 
18 degree!^ below the eastern side of the hori- 
zon. To find the time when the evening twi* 
light endS; bring the sun's place to the western 
side of the horizon ; and the point opposite to 
it; which was marked with the chalky will be 
rising in the east: then; bring the quadrant 
over that point; and keeping it thereon^ turn 
the globe westward; until the said point be 18 
degrees above the horizon on the quadrant^ and 
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the index will show the time when the evening 
twilight ends ; the sun^s place being then 18 
degrees below the western side of the horizon. 



1>R0BLEM XX* 

To find on what day of the year the sun begins 
to shine constantly^ without settings on any 
given place in the north frigid zone^ and 
how long he continues to do so. 

Rectify the globe to the latitude of the place^ 
and turn it about until some point of the eclip- 
tic, between Aries and Cancer^ coincides with 
the north point of the horizon where the bra- 
zen meridian cuts it; then find, on the wooden 
horizon, what day of the year the sun is in that 
point of the ecliptic ; for that is the day on 
which the sun begins to shine constant^ on the 
given place, without setting. This done, turn 
the globe until some point of the ecliptic, be- 
tween Cancer and Libra, coincides with the 
north point of the horizon, where the brazen 
meridian cuts it ; and find, on the wooden ho- 
rizon, on what day the sun is in that point of 
the ecliptic; which is the day that the sun 
leaves off constantly shining on the said place, 
and rises and sets to it as to other places on 
the globe. The number of natural days, or 
complete revolutions of the sun about the earth, 
between the two days above found, is the time 
that the sun keeps constantly above tlic horizon 
without setting : for all the portion of the eclip- 
tic, that lies between the two points which in- 
tersect the horizon in the very north, never sets 
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below it : and there is just a^ much of the ojp- 
posite part of the ecliptic that never rises: 
therefore^ the sun will keep as long constantly 
below the horizon in winter as above it in sum- 
mer. 

Whoever considers the globe^ will fuid^ that 
all places of the eftrth do equally enjoy the be- 
nefit of the sun^ in respect of time^ and are 
equally deprived of it For^ the days and 
nights are always equally long at the equator : 
and in all places that have latitude^ the days 
at one time of the year are exactly equal to the 
nights at the opposite season^ 



FJROBLBM XXi* 

To jlnA in what latitude the sun shines con* 
stantly, without settings for any length of 
time less than 18S|^ of our days and nights. 

Fibd a point in the ecliptic half as many de- 
grees from the beginning of Cancer (either to- 
ward •fines or Libra J as there are natural daysf 
in the time given ; and bring that point to the 
north side of the brazen meridian^ on which the 
degrees are numbered from the pole toward the 
equator : then keep the globe from turning on 
its axis^ and slide the meridian up or down^ un- 
iil the aforesaid point of the ecliptic comes to 
the north point of the horizon^ and tben^ the 



* The reason of this limitation is, that 183^ of our days and 
nights make half a ^ear, which is the longest time that the son 
shines without setting, even at the poles of the earth. 

\ ^ natural day contains the whole 24 hours : WQ artificial dafi 
the time that the sun is abore the horizoik 
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elevation of the pole will be e^ual to the lati- 
tude required. 



PROBLEM XXII. 

fthe latitude of a place^ not exceeding 66^ de^ 
greesy and the day of the month being given f 
to find the sun^s amplitude^ or point of the 
compass on which he rises or s§ts on that 
day. 

Rectify the globe^ and bring the sun's place 
to the eastern side of the horizon ; then observe 
what point of the compass on tbe horizon stands 
right against the sun's place^ fpr that is his 
amplitude at rising. This done^ turn the globe 
westward^ until the sun's place comes to the 
western side of t}ie horizon^ aqd it will cut the 
point of his amplitude at setting. Or^ you may 
count the rising amplitude in degrees^ from thQ 
east point of the horizon^ to that point where 
the sun's place cuts it ; and the setting ampli- 
tude^ from the west point of the horizon; to the 
sun's place at setting. 

PROBLEM XXni. 

The latitude^ the sun^splace, and his altitude^* 
being given, to find the hour of the day, and 
the sun^s azimuth, or number of degrees that 
he is distant from the meridian^ 

4 

Rectify the globei; and bring the sun's place 
to the given height upon the quadrant of alti^ 

* The sun's altUnde, at any timei is hU height in df grees a- 
hoTe tb^ horizon at that time. 
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tude ; on the eastern side of the horizon, if the 
time be in the forenoon ; or the western side, 
if it be in the afternoon : then, the index will 
show the hour ; and the number of degrees in 
the horizon intercepted between the quadriint 
of altitude and the south point, will be the sun's 
U*ue azimuth at that time. 

•iVl ^. Always when the quadrant of altitude 
is mention^ in working any problem, the gra- 
duated edgarof it is meant. 

If this be done at sea, and compared with the 
sun's azimuth, as shown by the compass, if 
they agree, the compass has no variation in 
that place : but if they differ, the compass does 
vary : and the* variation is equal to this differ- 
ehce* 

: FROlSLEM XXIV. 

The latitude, hour of the day^ and the sut?s 
place, being given, to find the sun's altitude 
and azimuth. 

Uectify the globe, and turn it until the index 
points to the given hour ; then lay the quadrant 
of altitude over the sun's place in the ecliptic, 
and the degree of the quadrant cut by the sun's 
place is his altitude at that time above the 
horizon ; and the degree of the horizon cut by 
the quadrant is the sun's azimuth; reckoned 
from the south. 
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PROBLEM XXV^/ 



OHie latitude^ the sun^a alfifude) ani^ his a%u 
muthy being given^ to findjiia j^tace in the 
ecliptic f the day of the rnqnth^ arid hour of. 
the day, though they had^''all ^^nJost. 

> ' ^ ■ • , . 

Rectify the globe for the latitude ajcid zenith,* 
and set the quadrant of altitude, id ihe given 
azimuth in the horizon ; keeping it there, turn 
the globe on its axis until the ecliptj[c cuts the 
quadrant in the given altitude Cj%at point of 
the ecliptic which cuts the quadrant there, will 
be the sun's place ; and the ^^o0\iQ month 
answering thereto, will be ftmnd over the like 

place of the sun on the wooden. ][u>4'^^' Keep 
the quadrant of altitude 4n tlmi' position, and 
having brought the sun^s pferce tq^ the brazen 
meridian, and the hour index J;^ ^KJl at noon, 
turn back the globe until the 3un'«^ place cuts 
the quadrant of altitude again^ and the index 
will show the hour. 

Any two points of the ecliptic which are 
equidistant from the beginning of (t^ancer or of 
Capricorn, will have the same {^titude and azi* 
muth at the same hour, though' tl^e months be 
different ; and, therefore, it requires some care 
in this problem, not to mistake both the month 
and the day of the month ; to avoid which, 
observe, that from the 20th of March to the 
Slst of June, that part of the ecliptic which is 



• By rectifying the globe for the zenith, is meant screwinj^ 
the quadrant of altitude to the given Utitude on the brass men<- 
dian. 
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between the beginning of Aries and be^nning 
of Cancer is to be used; f^Qip the 21st of Jane 
to the 3Sd of September^ between the begin- 
^ ning of Cancer and beginning of lAhra : from 
the SSd of September to the Slst of Deceniber^ 
between the beginning of Libra and the begin- 
Bing of Capricorn : and from the Slst of [De- 
cember to the SOth of March^ between the be- 
ginning of Capricorn and beginnrag of •Sries. 
And as one can never be at a loss to know ii^ 
what quarter of the year he takes the sun's al- 
titude and azimuth^ the above caution^ with re* 
gard to the quarters of the ecliptic^ will keep 
bim right as to the moqjth and day thereof. 

PROBLEM XXVI. 

To find the length of the longest day at any 

given place. 

If the place be on the north side of the equa- 
tor, And its latitude (by Prob. I), and elevate 
the north pole to that latitude ; then, bring the 
beginning of Cancer sz to the brazen meridian, 
and set the hour index to XII at noon. But^^ 
if the given place be on the south side of the 
equator, elevate the south pole to its latitude, 
and bring the beginning of Capricorn vj to the 
brass meridian, and the hour index to XII. 
This do9e, turn the globe westward, until the 
beinning of Cancer or Capricorn (as the lati- 
tude is north or south) comes to the horizpn j 
and the index will then point out the time of 
sun-setting, for it will have gone over all the 
afternoon- hours, between mid-day and sun-set; 
which length of time being doubled, will give 
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the whole length of the day^ from sun-rising to 
sun-setting* For, in all latitudes, the sun rises 
as long before mid-day as he sets after it. 



rfiOBLEH x^Yii. 

To find in what latitude the longest day is of 
any given length less than 24i hours. 

If the latitude be north, bring the beginning 
of Cancer to the brazen meridian, and elevate 
the north pdle to about 66f degrees ; but if th6 
latitude be south, bring the* beginning of Ca^ 
pricom to the meridian, and elevate the south 
pole to about 66^ degrees ; because the longest 
day in north latitude, is when the sun is in the 
first point of Cancer i and in south latitude, 
when he is in the first point of Capricorn. — 
Then set the hour-index to XU at noon, and 
turn the globe westward, until the index points 
at half the number of hours given : which done^ 
keep the globe from turning on its axis, and 
slide the meridian down in the notches, until 
the aforesaid point of the ecliptic (viz. Cancer 
or Capricorn) comes to the horizon; then, the 
elevation of the pole will be equal to the la- 
titude required. 
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■■ '. PROBLEM XXVIII. 

• k 

Tfee latitude of any place, not exceeding 66| 
degrees, being given, to find in what clu 
mate* the plae^4». 

« 

Find IJie length of the longest day ai fife 
given, place by Problem XXVI, and whateyer 
be the'immber of hours whereby it exceeds i%f 
double that number, and the sum will answer 
to the climate in which the place is. 



PSOBLEH XXIX. 

The latitude find the day of the month bqing 
given, to find the hour of the day when the 
sun shines. 

Set the wooden horizon truly level, and the 
brazen meridian due north and south by a ma- 
nner's compass; then, having rectified the 
globe, stick a small sewing needle into the 
sun's place in the ecliptic, perpendicular to 
that part of the surface of the globe : this done, 
turn the globe on its axis, until the needle 

• A climate, from the equator to either of the polar circles^ is a 
tract of the earth's surface, included between two such parallels 
of latitude, that the length of the longest day in the one, ex- 
ceeds that in the other by half an hour; but, from the polar cir- 
cles to the poles, where the sun keeps long above the horizon 
without setting, each climate differs a whole month from the one 
next to it. There are twenty-four climates between the equator 
and each of the polar circles, and six from each poUr circle to 
its respective pole. 
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comes to the brazen meridian^ and set the hour 
index to XII at noon ; then, turn the globe on 
its axis, until the needle points exactly toward 
the sun, (which it will do when it casts no 
shadow on the globe) and the index will show 
tJie hour of the day. 



PROBLEM XXX. 

i3 pleasant way of shewing all those places of 
the earth which are ehlightened by the sun^ 
and also the time of the day ivhen the suri 
shines. 

Take the terrestrial ball out of the wooden 
horizon, and also out of the brazen meridian ; 
theii set it upon a pedestal in sun-shine, in such 
a manner, that its north pole may point directly 
toward the north pole of the heavens, and the 
meridian of the place where you are be directly 
toward the south. Then, the sun will shine 
upon all the like places of the globe, that he 
does on the real earth, rising to some when he 
is setting to others ; as you may perceive by 
that part where the enlightened half of the globe 
is divided from the half in the shade, by the 
boundary of the light and darkness : all those 
places, on which the sun shines, at any time, 
having day ; and all those, on which he does 
not shine, having night. • 

If a narrow slip of paper be put round the 
equator, and divided into 24 equal parts, begin- 
ning at the meridian of your place, and the hours 
be set to those divisions in such a manner, that 
one of tlie VPs may be upon your meridian j 
the sun being upon that meridian at noon, will 
then shine exactly to the two XIPs ; and at one 
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to the two 1% kci So that the place^ where the 
enlightened half of the globe is parted from the 
shaded half, in this circle of hours^ will show 
the time of the day. 

The principles of dialling shall be explain- 
ed farther on, by the teiTestrial globe. At pre- 
sent we shall only add the following observa- 
tions upon it ; and then proceed to the use of 
the celestial globe. 

1. The latitude of any place is equal to the 
elevation of the pole above the horizon of that 
place, and the elevation of the equator is equal 
to the complement of the latitude, that is, to 
what the latitude wants of 90 degrees. 

S. Those places which lie on the' equator, 
have no latitude, it being there that the lati- 
tude begins ; and those places which lie on the 
first meridian have no longitude, it being there 
that the longitude begins. Consequently that 
particular place of the eai*th where the first me- 
ridian intersects the equator, has neither longi- 
tude nor latitude. 

3. At all places of the earth, except the poles, 
all the points of the compass may be distin- 
^ guished in the horizon : but from the north 
pole, every place is south ; and from the south 
pole, every place is north. Therefore, as the 
sun is constantly above the horizon of each pole 
for half a year in its turn, he cannot be said to 
depart from the meridian of either pole for 
half a year together. Consequently, at the 
north pole it may be said to be noon every mo- 
ment for half a year ; and let the winds blow 
from what part they will, they must always 
blow from the south; and at the south pole, 
. from the north. 
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^, Because one half of the ecliptic is above 
the horizon of the pole^ and the sun^ moon^ 
und planets^ move in (op nearly in) the ecliptic ; 
they w^ill all rise and set to the poles. But, 
because the stars never change their declina-r 
tions from the equator^ (at least not sensibly in 
one age) those which are once above the hori- 
zon of either pole, never set below it ; aiid those 
which are once below it, never rise, 

5. All places of the earth do equally enjoy 
the benefit of the sun, in respect of time, and 
are equally deprived of it. 

6. All places upon the equator have their 
days and nights equally long, that is, 13 hours 
each, at all times of the year. For, although 
the sun declines, alternately, from the equator 
toward the north and toward the sQuth, yet as 
the horizon of the equator cuts all the parallels 
of latitude and declination in halves, the sua 
must always continue above the horizon for 
one half a diurnal revolution about the earth, 
and for the other half below it. 

7- When the sun^s declination is greater than 
the latitude of any place, upon either side of 
the equator, the sun will come t^ice to the same 
azimuth or point of the compass in the fore- 
noon, at that place, and twice to a like azimuth 
in the afternoon ; that is, he will go twice back 
^very day, while his declination continues to be 
greater than the latitude. Thus, suppose the 
globe rectified to the latitude of Barbadoes, 
which is 13 degrees north ; and tJie sun to be 
any wheye in the ecliptic, between the middle 
of Taurus and middle of Leo ; if the quadrant 
of altitude be set to about 18 degrees* north of 

* From the middle of Gemini to the middle of Cancer th^ 
quadrant may be aet to 20 degrees. 
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the east in the horizon^ the sun's place be - 
marked with chalk upon the ecliptic^ and the 
globe be then turned westward on its axis^ the 
said mark will rise in the horizon a little to the 
north of the quadrant^ and thence ascending, it 
will cross the quadrant toward the south ; but 
before it arrives at the meridian, it will cross 
the quadrant again, and pass over the meridian 
northward of Barbadoes. And if the quadrant 
be set about 18 degrees north of the west, the 
sun's place will cross it twice, as it descends 
from the meridian toward the horizon^ in the 
afternoon. 

8. In all places of the earth between the 
equator and poles, the days and nights are 
equally long, viz. 12 hours each, when the sun 
is in the equinoctial ; for, in all elevations of the 
pole, short of 90 degrees, (which is the greatest) 
one half of the equator or equinoctial will be 
above the horizon, and the other half below it. 

9. The days and nights are never of an equal 
length at any place between the equator and 
polar circles, but when the sun enters the signs 
T Aries and :£b Libra. For, in every other part 
of tlie ecliptic, the circle of the sun'$ daily mo- 
tion is divided into two unequal parts by the 
horizon. 

10. The nearer any place is to the equator, 
the less is the difference between the length of 
the days and nights in that place ; and the more 
remote, the contrary. The circles which the 
sun describe^ in the heavens every 2if hours, 
being cut more nearly equal in the former case, 
and more UQiiqually in the latter. 

il, Jn all places} lying upon any given pa- 
rallel of latitude, however long or short the day 
pr night be at any one of these places, at any 
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wme of the year, ^t is then of the same length 
at all the rest ; for, in turning the globe round 
its axis, (when rectified according to the sun^s 
declination) all these places will keep equally 
long above or below the horizon. 

IS. The sun is vertical twice a-year to every 
place between the tropics ; to those under the 
tropics, once a-year, but never any where else. 
For there can be no place between the tropics 
but tjbat there will be two points in the ecliptic, 
whose declination from the equator is equal to 
the latitude of that place ; and but one point of 
the ecliptic which has a declination equal to the 
latitude of places on the tropic which that point 
of the ecliptic touches ; and, as the sun never 
goes without the tropics, he can never be ver- 
tical to any ]^lace that lies without them. 

13. To allfilaces in the torrid zone,* the du- 
ration of the twilight is least, because the sun's 
daily motion is the most perpendicular to the 
horizon. In the frigid zones,t greatest ; because 
the sun's daily motion is nearly parallel to the 
horizon ; and, therefore, he is the longer in get* 
ting 18 degrees below it, till which time the twi- 
light always continues. And, in the temperate 
zones, I it is at a medium between the two,because 
the obliquity of the sun's daily motion is so. 

14, In all places lying exactly under the po- 
lar circles, the sun, when he is in the nearest 
tropic, continues 24 hours above the horizon 
without setting ; because no part of that tropic 
is below their horizon. And, when the sun is 
In the farthest tropic, he is for the same length 
pf time without rising; because no part of that 

• Between the tropics. 

t Between the polar ciroles and poles. 

t Bptweeii the tropics and polar circles. 
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tropic is above their horizon^ But, at all other 
times of the year, he rises and sets there, as in 
other places ; because, all the circles that can 
be drawn parallel to the equator, between the 
tropics, are more or less cut by the horizon, as 
they are farther from, or nearer to, that tropic, 
ivhich is all above the horizon : and, when the 
fiun is not in either of the tropics, his diurnal 
course must be in one or other of these circles. 

15. To all places in the northern hemisphere, 
from the equator to the polar circle, the longest 
day and shortest night is when the sun is in the 
northern tropic ; and the shortest day and long- 
est night is when the sun is in the southern tro- 
pic ; because no circle of the sun's daily motion 
IS so much above the horizon, and so little below 
it, as the northern tropic; and ftone so little 
above it, and so much below it, aiN;he southern. 
In the southern hemisphere, the contrary. 

16. In all places between the polar circles an4 
poles, the sun appears for some number of days 
(or rather diurnal revolutions) without setting; 
and at the opposite time of the year without ri- 
sing ; because some part of the ecliptic never 
sets in the former case, and as much of the op- 
posite part uever rises in the latter. And the 
nearer unto, or the more remote from, the pole, 
these places are, the longer or shorter is the 
sun's continuing presence or absence. 

17* If a ship sets out from any port, and sails 
round the earth eastward to the same port again, 
let her take m hat time she will to do it in, the 
people in that ship, in reckoning their time, 
will gain one complete day at their return, or 
count one day more than those who reside at 
the same port ; because, by going contrary to 
the sun's diurnal motion, and being forwarder 
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every evening than they were in the mornings 
their horizon will get so much the sooner above 
the setting sun^ than if they had kept for a whole 
day at any particular place. And thus, by cut- 
ting off a part proportionable to their own mo. 
iion, from the length of every day, they will 
gain a complete day of that sort at their return; 
without gaining one moment of absolute time 
more than is elapsed, during their course, to 
the people at the port. If they sail westward, 
they will reckon one day less than the people 
do who reside at the said port ; because, by 
gradually following the apparent diurnal mo-^ 
tion of the sun, they will keep him each par- 
ticular day so much longer above their horizon, 
as answers to that day's course ; and, by that 
means, they cut off a whole day in reckoning, 
at their return, without losing one moment of ' 
absolute time. 

Hence, if two ships should set out at 
same time from any port, and sail round 
globe, one eastward, and the other westward, 
so as to meet at the same port on any day what- 
ever ; they will differ two days in reckoning 
their time, at their return. If they sail twice 
round the earth, they will differ four days.; if 
thrice, then six, &c. 
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LECTURE IX. 




Tlie Use of the Celestial Globes and •Irmillavy 

Sphere. 



The ceUs. HAVING donc for tlie present with the 

'*''^^'®*^-. terrestrial globe, we shall proceed to the use 
of the celestial, first premising, that, as the 
equator, ecliptic,' tropics, polar circles, hori- 
zon, and brazen meridian, are exactly alike (m 
both globes, all the former problems concem- 
the sun are solved the same way by both 
les. The method also of rectifying the ce- 
Tstial globe is the same as rectifying the ter- 
restrial, viz. elevate the pole according to the 
latitude of your place, then screw the quadrant 
of altitude to the zenith, on the brass meridian; 
bring the sun's place in the ecliptic to the gra- 
duated edge of the brass meridian, on the side 
which is above the south point of the wooden 
horizon, and set the hour-index to the upper- 
most XII, which stands for noon. 

tTV*. B. — The sun's place for any day of the 
year stands directly over that day on the hori- 
zon of the celestial globe, as it does on that of 
the terrestrial. 
LaHtude The latitude and longitude of the stars, and 
^IdJ^^t^^ all other celestial phenomena, are reckoned 
stfirs. in a very different manner from the latitude 
^--^ \ and longitude of places on the earth : for all 
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terrestrial latitudes are reckoned from the equa- 
'>:> tor; and longitudes from the meridian of some 
i remarkable place, as of Londclfei by the British> 
■''■'. and of Paris by the French; though most of 
the French maps begin their longitude at the 
mmdian of the island of Ferro. But the astro- 
nomers of all nations agree in reckoning the 
latitudes of the moon^ stars^ planets^ and com- 
ets, from the ecliptic ; and their longitudes . 
'Av^xsL^^ equinoctial colure^^ in that semicircle 
^ ^jof it which cuts the ecliptic at the beginning of 
Aries T ; and thence eastward, quite round, to 
the same semicircle again. Consequently, those 
stars which lie between the equinoctial and the 
northern half of the ecliptic, have north declir 
nation and south latitude ; those which lie be- 
tween the equinoctial and the southern half of 
the ecliptic, have south declination :and north 
latitude ; and all those which lie between the • 
tropics and poles have their declinations and 
latitudes of the same denomination. 

There are six great circles on the celestial 
globe, which cut the ecliptic perpendicularly, 
and meet in two opposite points in the polar 
circles ; which points are e^.ch 90 degrees from 
the ecliptic, and are called its poles. These 
polar points divide those circles into 13 semi- 
circles ; which cut the ecliptic at the begin- 
nings of the 12 signs. They resemble so many 
mCitidians on the terrestrial globe ; and, as all 

* The great circle that passes through the eqvinoctial points at 
the beghining ot «y> and £is, and through the poles of the^ "world 
(which are two opposite points, each 90 degrees from the equi- 
noctial) is caUed the equinoctial colure i and the great circle that 
passes through the beginning of g]Q and VJ 5 and also through the 
poles of the ecliptic, and poles of the world, is called the soht^tiai 
colure. 
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places Avhich lie under any particular meridian 
semicircle on that globe^ have the same longi- 
tude, so all those points of the heavens^ througb 
'ivhich any one of the above semicircles are 
drawn^ have the same longitude. And as the 
greatest latitudes on the earth are at the north 
and south poles of the earthy so the greatest 
latitudes in the heavens are at the north and 
south poles of the ecliptic. ^ 

cmateiia' lu Order to distinguish the stars^ with regard 
Horn. ^ their situations and positions in the heavens^ 
the ancients divided the whole visible firma- 
ment of stars into particular systems^ which 
they called constellations ; and digested them 
into the forms of such animals as are delineat- 
ed upon the celestial globe. And those stars 
which lie between the figures of those imagi- 
nary animals^ and could not be brought within 
* the compass of any of them^ were called un- 
formed stars. ^ 

Because the moon and all the planets were 
observed to move in circles or orbits which 
cross the ecliptic (or line of the sun's path) at 
small angles^ and to be on the north side of the 
ecliptic for one half of their course round the 
heaven of stars^ and on the south side of it for 
the other half, but never to go quite 8 degrees 
from it on either side, the ancients distinguish- 
ed that space by two lesser circles^ parallel to 

* In Carey's celestial globes, where the figures of the constel- 
lations are omitted, and the constellations themselves separated 
by a dotted line, there can be no such thing as unformed stars ; 
or, properly speaking, they are all unformed. This innovation 
in the construction of celestial globes is altogether unallowable. 
It is not sanctioned by the authority of astronomers. It is at- 
tended with no advantages ; but, on the contrary, it diminishes 
the value of the globe» by rendering it less usefiu in the study of 
astronomy. — £. Ed. * 
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the ecliptic (one on each side^ at eight degrees 
distance from it. And the space included be* 
tween the circles, they called the zodiacy be- Zo^ae. 
cause most of the twelve constellations placed 
therein^ resemble some living creature.* These 
constellations are, 1. Jlries t, the ram; S. Tau^ 
rus ^, the bull ; 3. Gemini n, the twins ; 4. 
Cancer gs, the crab; 5. Leo ft, the lion; 6. ^ 

Virgo «K, the virgin ; 7- Libra ifb, the balance ; 
8. Scorpio nt, the scorpion ; 9. Sagittarius / , 
the archer ; 10. Capricornus ySy the goat; 11. 
Aquarius zsi^ the water bearer; and 13. Pisces 
3C, the fishes. 

It is to be observed, that in the infancy of Remark, 
astronomy, these twelve constellations stood at 
or near the places of the ecliptic^ where the 
above characteristics are marked upon the 
globe : but now each constellation has got a 
whole sign forwarder, on account of the reces- 
sion of the equinoctial points from their former 
places. So that the constellation of ^iries is 
now in the former place of Taurus ; that of 
Taurus in the former place of Gemini; and 
so on. 

The stars appear of different magnitudes to 
the eye, probably because they are at different 
distances from us. Those which appear bright- 

- * Since this work was composed, four new planets have been 
added to our system, by the indefatigable exertions of modern 
astronomers— -tne Greorginm Sidust discovered by Dr. Herschel; 
Ceres, by Piazzi ; Pallae, by Dr. Gibers, and a fourth, which has 
been called Jimo, has very lately been discovered by Mr. Harding. 
The inclination of Ceres' orbit to the ecliptic is about 10 degrees; 
the inclination of Juno's orbit 13 degrees ; and that of Pallas 35 
degrees ; so that the limits of the zodiac must now be extended, 
from 8 degrees on each side of the ecliptic, to 25 degrees on 
each side of it, in order to comprehend these newly discovered 
planets. — ^E. Ed, 
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est and largest, are galled stars of the first 
magnitude ; the next to them in size and lus- 
tre, are called stars of the second magnitude ; 
and so on to the sixths which are the smallest 
that can be discerned by the bare eye. 

Some of the most remarkable stars have 
names given them, as Castor and Pollux^ in 
the heads of the Twins j Sirius^ in the mouth 
of the Cheat Dog; Procyon^ in the side of the 
lAttle Bog ; Rigel^ in the left foot of Orion ; 
JlrcturuSy near the thigh of Bootes , &c.^ 

These things being premised, which, I think^ 
are all that the young Tyro need be acquaint- 
ed with, before he begins to work the problems 
by the globe, we shall now proceed to the 
most useful of those problems ; omitting seve- 
ral which are of little or no consequence. 

• 

* The stars of each oonsteUation are distinguished from each 
other, by prefixing^ the letters of the Greek alphabet to the name 
of the constellation. The brightest star, for instance, of the con- 
stellation Leo, is called et Leonia ; the next brightest, fi Leonie, 
and 80 on. It must be remembered, however, that the Greek 
letters do not indicate the magnitude of the stars which they re- 
present, but merely the relative magnitude of those in the same 
constellation Thus, et Virginia is a star of the^r«« magnitude ; 
« Librxy a star of the ^econcf magnitude ; and ec Aqaariif a star of 
third magnitude.—- E. £0. 



The Use of the Celestial Globe. Sd9 



PHOBL^M i« 

To find the tight ascension^ and declinationf 
of the sun, or anyfi^ed star. 

Bring the sun's place in the ecliptic to the 
brazen meridian^ then that degree in the equi- 
noctial^ which is cut by the meridian^ is the 
sun's right ascension ; and that degree of the 
meridian which is over the sun's place is hid 
declination. Bring any fixed star to the meri- 
dian^ aj|d its right ascension will be cut by the 
meridian in the equinoctial ; and the degree of 
the meridian that stands over it^ is its dedina^ 
tion. 

So that right ascension and declination^ on 
the celestial globe^ are found in the same man- 
ner as longitude and latitude on the terres- 
trial. 

PROBLEM II. 

To find the latitude and longitude of any star. 

If the given star be on the north side -of the 
ediptic^ place the 90th degree of the quadrant 
of altitude on the north pole of the ecliptic^ 
where the 13 semicircles meet^ which divide 
the ecliptic into 13 signs : but if the star be on 



^ The degree of the equinoctial, reckoned from the begintting 
of Aries, that comes to the meridian with the sim or stars, is ita 
right dacetiMon, 

f The distance of the sun or stars in degrees from the equi- 
noctial, toward either of tl*e poleit) north or south* is its declusa'- 
tioD, which is north or south acccnrdingljr. 
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ihe soath side of the ecliptic^ place the 90th de- 
gi*ee of the quadnnt on the south pole of the 
ecliptic : keeping the 90th degree of the quad- 
rant on the proper pole^ turn the quadrant 
about^ until its graduated edge cuts the star ; 
then^ ' the number of degrees in the quadran^ 
• between the ecliptic and the star^ is its lati- 

tude ; and the degree of the ecliptic cut by 
the quadrant^ is the star's longitude^ reckoned 
according to the sign in which the quadrant 
then is. 



PROBLEM III. # 

To represent the face of the starry firmamentf 
as seen from any given flace of the earthy 
at any hour of the night. 

Rectify the celestial globe for the given la- 
titude^ the zenith^ and sun's place^ in every 
respect^ as taught by the XVIIth problem^ for 
the terrestrial ; and turn it about^ until the in- 
dex points to the given hour : then the upper 
hemisphere of the globe will represent the vi- 
sible half of the heavens for that time : all the 
stars upon the globe being then in such situa- 
tions^ as exactly correspond to those in the 
heavens. And^ if the globe be placed duly 
north and souths by means of a small sea- com- 
pass, every star on the globe will point toward 
the like star in the heavens : by which means, 
the constellations and remarkable stars may be 
easily known. All those stars which are in 
the eastern side of the horizon, are then rising 
in the eastern side of the heavens : all in the 
western, are setting in the western side ; and 



The Use of the Celestial Globe. ♦ 

all those under the upper part of the brazen 
meridian^ between the south point of the hori- 
ZQU and the north pole^ are at their greatest 
altitude^ if the latitude of the place be north : 
but if the latitude be souths those stars which 
lie under ihe upper part of the meridian^ be- 
tween the north point of the horizon and th^ 
south pole^ are at their greatest altitude. 



341 



PROBLEM IV. 

The latitude of the place^ and day of the months 
being given, to find the time when any known 
star will rise^ or be on the meridian, or set. 

Having rectified the globe^ turn it about un- 
til the given star comes to the eastern side of 
the horizon^ and the index will show the time 
of the star's rising ; then turn the globe west- 
ward^ and when the star comes to the brazen 
meridian^ the index will show the time of the 
star's coming to the meridian of your place ; 
lastly^ turn on^ until the star comes to the 
western side of the horizon^ and the index will 
show the time of the star's setting. 

JV. B. — ^In northern latitudes^ those stars 
which are less distant from the north pole^ 
than the quantity of its elevation above the 
north point of the horizon^ never set; and 
those which are less distant from the south 
pole, than the number of degrees by which it 
is depressed below the horizon, never rise; 
and vice versa in southern latitudes.* 

* A circle, described upen the north pole as a centre, and com- 
prehending all those stars which never set in any gi\en latitude^ 
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PKOBLEM V. 

To find at what time of. the year a given star 
will he upon the meridian^ at a given hour 
of the night. 

Bring the given star to the upper semicircle 
of the brass meridian^ and set the index to the 
given hour ; then tarn the globe until the in- 
dex points to XTT at noon^ and the upper se- 
micircle of the meridian will then cut the sun's 
place^ answering to the day of the year 80ud|it; 
which day may be easily found against the Tike 
place of the sun among the signs on the wooden 
horizon. 



PROBLEM VI. 

The latitude^ day of the months and azimuth^ 
of any knonm star^ being given^ to find the 
hour of the night. 

Having rectified the globe for the latitude^ 
zenith^ and sun's place, lay the quadrant of 
altitude to the given degree of azimuth in the 
horizon : then turn the globe on its axis^ until 
the star comes to the graduated edge of the 

18 called thecircle of perpetucU apparition ; and another circle, des- 
cribed upon the south pole as a centre, and comprehending those 
stars which never rise is called the circle of perpetual occultatim. 
— E. Ed. 

* The number of degrees that the sun, moon, or any star, is 
from the meridian, either to the east or west, is called its 02/- 

vnith* 
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quadrant; and when it does, the index will 
point out the hour of the night. 



PROfiLEM VII. 

The latitude of the place^ the day of the months 
and altitude* of any known staVy being giv- 
en^ to find the hour of the night. 

Rectify the globe as in the former problem^ 
guess at the hour of the night, and turn the 
globe until the index points at the supposed 
hour ; then lay the graduated edge of the quad^ 
rant of altitude over the known star, and if the 
degree of the star's height in the quadrant upon 
the globe, answers exactly to the degree of the 
star's observed altitude in the heavens, you 
kave guessed exactly : but if the star on the 
globe be higher or lower than it was observed 
to be in the heavens, turn the globe backward 
or forward, keeping the edge of the quadrant 
upbn the star, until its centre comes to the ob- 
served altitude in the quadrant ; and then the' 
index will show the true time of the night. 



* The number of degrees that the star is above the horizon, as 
observed by means oi a common quadrant, is called its altitude 
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PROBLEM VIII. 

Jin easy method for finding the hour of the night 
by any two known stars, without knowing 
either their altitude, or azimuth ; and then, 
of finding both their altitude and azimuthf 
ana thereby the true meridian. 

Tie one end of a thread to a common musket 
bullet ; and having rectified the globe as above, 
hold the other end of the thread in your hand; 
and carry it slowly round between your eye and 
the starry heavens, until you find it cuts any two 
known stars at once. Then, guessing at the 
hour of the night, turn the globe until the index 
points to the time in the hour circle ; which 
done, lay the graduated edge of the quadrant 
over any one of these two stars on the globe, 
which the thread cut in the heavens. If the said 
edge of the quadrant cuts the other star also, you 
have guessed the time exactly ; but if it does 
not, turn the globe slowly backward or forward, 
until the quadrant (kept upon either star) cuts 
them both through their centres : and then, the 
index will point out the exact time of the night; 
the degree of the horizon, cut by the quadrant, 
will be the true azimuth of both these stars 
from the south ; and the stars themselves will 
cut their true altitudes in the quadrant. At 
which moment, if a common azimuth-compass 
be so set upon a floor or level pavement^ that 
these stars in the heavens may have the same 
bearing upon it (allowing for the variation of 
the needle) as the quadrant of altitude has in 
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the wooden horizon of the globe^ a thread ex- 
tended over the north and south points of that 
compass will be directly in the plane of the 
meridian ; and if a line be drawn upon the floor 
or pavementy along the course of the thready 
and an upright wire be placed in the southern- 
most end of the line^ the shadow of the wire 
will fall upon that line^ when the sun is on the 
meridian^ and shines upon the pavement. 



PROBLEM IX. 

To find the place of the moon, or of any pla^ 
net, and thereby to show the time of rising, 
southing, and setting. 

Seek in the Nautical Almanac^ or Wljite^s 
Ephemeris^ the geocentric placed of the moon 
or planet in the ecliptic for the given day of the 
month ; and^ according as its longitude and la- 
titude is founds mark the same with chalk up- 
on the globe. Then^ having rectified the globe^ 
turn it round its axis westward ; and as the said 
mark comes to the eastern side of the horizon^ 
to the brazen meridian^ and to the western side 
of the horizon^ the index will show at what 
time the planet rises^ comes to the meridian^ 
and sets^ in the same manner as it would do 
for a fixed star. 



* The place of the moon or planet, as seen from the earth, is 
called its geocentric place» and its place, as seen from the suo, 
is called its heliocentric place. — £. Ed. 
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PROBLEM X. 

To explain the phenomena of the harvest momt. 

In order to do this, we must premise the fol- 
lowing things : — 1. That as the sun goes only 
once a year round tlie ecliptic^ he can be bat 
once a year in any particular point of it : and 
that his molion is almost a degree every 84 
hours^ at a mean rate. 2. That as the moon 
goes round the ecliptic once in 27 days and 8 
hours^ she advances 13^ degrees in it every 
day, at a mean rate. 3. That as the sun goes 
through part of the ecliptic in the time the 
moon goes round it, the moon cannot at any 
time be either in conjunction with the sun, or 
opposite to him, in that part of the ecliptic 
where she was so the last time before; but 
must travel as much forwarder, as the sun has 
advanced in the said time ; which being S9j 
days, makes almost a whole sign. Therefore, 

4. The moon can be but once a year opposite 
to the sun, in any particular part of the ecliptic. 

5, That the moon is never full but when she 
is opposite to the sun, because, at no other time 
can we sec all that half of her which the sun 
enlightens. 6. That when any point of the 
ecliptic rises, the opposite point sets ; there- 
fore, when the moon is opposite to the sun, she 
must rise at* sun-set. 7. That the different 

* This is not always strictly true, because the moon does not 
keep In the ecliptic, but crosses it twice every month. However, 
the difference need not be regarded in a general explanation 
of the cause of the harvest moon. — E. Ed, 
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signs of the ecliptic rise at very Afferent angles 
or degrees of obliquity with the horizon^ espe- 
cially in considieirable latitudes ; and that the 
smaller this angle is^ the greater is the portion 
of the ecliptic that rises in any small part of 
time ; and vice versa. 8. That> in northern 
latitudes^ no part of the ecliptic rises at so small 
an angle with the horizon^ as Pisces and Jlries 
do ; therefore^ a greater portion of the ecliptic 
rises in one hour^ about these signs^ than about ■ 
any of the rest 9. That the moon can never 
be full in Pisces and Ariesr but in our autum- 
nal montlis ; for at no other time of the year is 
the sun in the opposite signs Virgo and Libra. 

These tilings premised^ take 13|^ degrees of 
the ecliptic in your compasses^ and beginning 
at Pisces f carry that extent all round the eclip- 
tic^ marking the places with chalk where the 
points of the compasses successively falK So 
you will have the moon's daily motion marked 
out for one complete revolution in the ecliptic; 
according to ^ S of the last paragraph. 

Rectify the globe for any considerable north- 
em latitude^ (as suppose that of London) and 
then^ turning the globe round its axis^ observe 
how much of the hour-circle the index has gone 
over^ at the rising of each particular mark on 
the ecliptic ; and you will find that seven of 
the marks (which take in as much of the eclip- 
tic as the moon goes through in a week) will 
all rise successively about Pisces and Arie^ in 
the time that the index goes over two hours. 
Therefore, while the moon is in Pisces and 
Aries^ she will not differ in general above two 
hours in her rising for a whole week. But, if 
you take notice of the marks on tjie opposite 
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fiigns^ Virgo and Librae you will find that 
seven of them take nine hours to rise ; which 
shows, that when the moon is in these two 
signs, she differs nine hours xa her rising with- 
in the compass of a week. And so much later 
as every mark is of rising than the one that 
rose next before it^ so much later will the moon 
be of rising on any day than she was on the 
day before^ in the corresponding part of the 
heavens. The marks about Cancer and Ca- 
pricom rise a mean difference of time between 
those about Jlries and Libra. 

Now^ although the moon is in Pisces and 
Aries every months and therefore must rise in 
those signs within the space of two hours later 
for a whole week, or only about i7 minutes 
later every day than she did on the former ; 
yet she is never full in these signs, but in our 
autumnal months^ August and September, when 
the sun is in Virgo and Libra. Therefore, no 
full moon in the year will continue to rise so 
near the time of sun-set for a week or so, as 
these two full moons do^ which fall in the time 
of harvest. 

In the winter months, the moon is in Pisces 
and Jlries about her first quarter ; and as these 
signs rise about noon in winter, the moon's ri- 
sing in them passes unobserved. In the spring 
months, the moon changes in these signs, and 
consequently rises at the same time with the 
sun ; so that it is impossible to see her at that 
time. In the summer months^ she is in these 
signs about her third quarter, and rises not un- 
til midnight, when her rising is but very little 
taken notice of; especially as she is on the 
decrease. But in the harvest month she is at 
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the fuU^ when in these signs^ and being oppo- 
site to the sun^ she rises when the sun sets^ (or 
soon after) and shines all the night. 

In southern latitudes^ Virgo and Lih'm rise 
at as small angles with the horizon as Pisces 
and mlries do in the northern; and as our 
spring is at the time of their harvest^ it is plain 
their harvest full moons must be in Virgo and 
Libra ; and will therefore rise with as little 
difference of time as ours do in Pisces and 
JBbnes. 

For a fuller account of this matter^ I must 
refer the reader to my Astronomy, in which it 

is described at large.^ 

» 

PROBLEM XI. 

To eopplain the equation of time, or difference 
of time between well-regulated clocks and 
true sun-dials. 

The earth's motion on its axis being per- 
fectly equable, and thereby causing an appa- 
rent equable motion in the starry heavens 
round the same axis, produced to the poles of 
the heavens ; it is plain that equal portions of 
the celestial equator pass over the meridian in 
equal parts of time, because the axis of the 
world is perpendicular to the plane of the 
equator. And, therefore, if the sun kept his ^ 

annual course in the celestial equator, he 
would always revolve from the meridian to the 
meridian again in S44 hours exactly, as shown 
by a well-regulated clock. 

* In a book, entitled Mozon on the Globes, published about a 
century ago, there is, if we mistake not, a curious method of 
solving, by means of the globe, roost of the problems in spherical 
tfigpnometry.— E. Ed. 
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But as the sun moves in the ecliptic^ which 
is oblique both to the plane of the equator and 
axis of the world, he cannot always revolve 
from the meridian to the meridian again in S4 
equal hours; but sometimes a little sooner, 
and at other times a little later, because equal 
portions of the ecliptic pass over the meridian 
in unequal parts of time on account of its obli- 
quity. And this difference is the same in all 
latitudes. 

To show this by a globe, make chalk-marks 
all round the equator and ecliptic, at equal dis- 
tances from one another, (suppose 10 degrees) 
beginning at mlries or at Libra^ where these 
two circles intersect each other. Then turn 
the globe round its axis, and you will see that 
all the marks in the first quadrant of the eclip- 
tic, or from the beginning of Ariea to the be- 
ginning of Cancer^ come sooner to the brazen 
meridian than their corresponding marks do 
on the equator ; those on the second quadrant, 
or from the beginning of Cancer to the begin- 
ning of Lihra^ come later : those in the third 
quadrant, from Libra to Capricorn sooner; 
and those in the fourth, from Capricorn to 
•Aries, later. But those at the beginning of 
each quadrant come to the meridian at the 
same time with their corresponding marks on 
the equator. 

Therefore, while the sun is in the first and 
third quadrants of the ecliptic, he comes soon- 
er to the meridian every day than he would do 
if he kept in the equator ; and, consequently, 
he is faster than a well-regulated clock, which 
always keeps equable or equatorial time : and, 
while he is in the second or fourth quadrants, 
he comes later to the meridian every day than 



Of the Armillary Sphere. 851 

he would do if he kept in the equator ; and is 
therefore slower than the . clock. But^ at the 
beginning of each quadrant^ the sun and clock 
are equal. 

And thus^ if the sun moved equably in the 
ecliptic, he would be equal with the clock on 
four days of the year, which would, have equal 
intervals of time between them. But, as he 
moves faster at some times than at others, (be- 
ing eight days longer in the northern half of 
the ecliptic, than in the southern), this will 
cause a second inequality; which, combined 
with the former, arising from the obliquity of 
the ecliptic to the equator, makes up that dif- 
ference, which is shown by the common equa^ 
tion tables to be between good clocks and true 
sun-dials. 

The Description and Use of the Jlrmillary 

Sphere. 

Whoever has seen a common armiltary "PLUTti 
sphere^ and understands how to use it, must^jt' i, 
be sensible that the machine here referred to^ 
is of a very dififerent, and much more advanta- 
geous construction. And those who have seen 
the curious glass sphere invented by Dr. Long, 
or the figure of it in his Astronomy, must know 
that the furniture of- the terrestrial globe in this 
machine, the form of the pedestal, and the 
manner of turning either the earthly globe, or 
the circles which surround it, are all copied 
from the Doctor's glass sphere ; and tliat the 
only difference is, a parcel of rings instead of 
a glass celestial glpbe ; and all the additions . 
are,, a moon within the sphere, and a semicir- 
cle upon, tli6. pedestal. 

VOL. I. 3 E 
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The flrm»7. Tlic cxtcrior parts of this mtLchine are a 
'^'^"^ ''^'^' compages of brass rings^ which represent the 
principal circles of the heavens, viz. !• The 
equinoctial •AjI, which is divided into 360 de- 
grees, (beginning at its intersection with the 
ecliptic in JlinesJ for showing the sun^s right 
ascension in degrees ; and also in S4< hours, 
for showing his right ascension in time. S. The 
ecliptic BBf which is divided into 12 signs, 
and each sign into 30 degrees, and also into 
the months and days of the year ; in such a 
manner, that the degree or point of the eclip* 
tic in which the sun is, on any given day, 
stands over that day in the circle of months. 
The trppic of Cancer CC, touching the eclip- 
tic at the beginning of Cancer in 6, and the 
tropic of Capricorn JDD, touching the ecliptic 
at the beginning of Capricorn in // each 23^ 
degrees from the equinoctial circle. 4*. The 
arctic circle E^ and the antarctic circle F^ each 
23- degrees from its respective pole at JV* and 
S. 5. The equinoctial colure 6r6r, passing 
tlirough the north and south pole of the heavens 
at JV* and S^ and tlirough the equinoctial points 
•IrieSy and Libra in the ecliptic. 6. The sol- 
stitial colure HH, passing through the poles of 
the heavens, and through the solstitial points' 
Cancer and Capricorn^ in the ecliptic. [Each 
quarter of the former of these colures is divid- 
ed into 90 degrees, from the equinoctial to the 
poles of the world, for showing the declination 
of the sun, moon, and stars ; and each quarter 
of the latter, from the ecliptic at e and^ to its 
poles b and dj for showing the latitude of the 
stars. 

In the north pole of the ecliptic is a nut ft, 
to which is fixed one end of a quadrantal wire, 
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and to the other end a small sun T^ which is 
carried round the ecliptic BB^ by turning the 
nut : and in the south pole of the ecliptic is a 
pin at' d^ on which is another quadrantal wire^ 
with a small moon Z upon it^ which may be 
moved round by the hand ; but there is a par- 
ticular contrivance for causing the moon to 
move in an orbit "whicli crosses the ecliptic at 
an angle of 5-^ degrees^ in two opposite points 
called the moon^s nodes : and also for sMfting 
these points backward in the ecliptic^ as the 
moon^s nodes shift in the heavens. 

Within these circular rings is a small ter- 
restrial globe I^ fixed on an axis ICK^ which 
extends from the north and south poles of the 
globe at n and x^ to those of the celestial sphere 
at JV* and S. On this axis is fixed the flat ce- 
lestial meridian LL, which may be set direct- 
ly over the meridian of any place on the globe, 
and then turned round with the globe, so as to 
keep over the same meridian upon it. This 
flat meridian is graduated the same way as the 
brass meridian of a common globe, and its use 
is much the same. To this globe is fitted the 
moveable horizon MM^ so as to turn upon two 
strong wires proceeding from its east and west 
points to the globe, and entering the globe at 
opposite points of its equator, which is a move- 
able brass ring let into the* globe in a groove 
all around its equator. The globe may be 
turned by hand within this ring^ so as to place 
any given meridian upon it, directly under the 
celestial meridian LL. The horizon is divided 
into 360 degrees all around its outermost edge, 
within which are the points of the compass, for 
showing the amplitude of the sun and moon, 
both in degrees and points. The celestial me- - 
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ridian LL passes through two notches in the 
north and south points of the horizon^ as in a 
common globe : but here, if the globe be turn- 
ed round, the horizon and meridian turn with 
it. At the south pole of the sphere is a circle 
of ^ hours, fixed to the rings, and on the axis 
is an index which goes round that circle^ if the 
globe be turned round its axis. 

The whole fabric is supported on a pedestal 
JV*, and may be elevated or depressed upon the 
joint O, to any number of degrees from to 90, 
by means of the arc P, which is fixed in the 
strong brass arm Q, and slides in the upright 
piece iZ, in which is a screw at r, to fix it at 
any proper elevation. 

In the box T are two wheels,* (as in Dr. 
Long^s sphere) and two pinions, whose axes 
come out at V and U; either of which may be 
turned by the small winch W. When the 
winch is put upon the axis F, and turned back- 
M^ard, the terrestrial globe, with its horizon 
and celestial meridian, keep at rest ; and the 
whole sphere of circles turn round from east, 
by south, to west, carrying the sun JT, and 
moon JZr, round the same way, and causing 
them to rise above, and set below, the horizon. 
But, when the winch is put upon the axis U, 
and turned forward, the sphere, with the sun 
and moon, keep at rest ; and the earth, with its 
horizon and meridian, turn round from west, 
by south, to east : and bring the sainc points 
of the horizon to t}ie sun and moon, to wliich 
these bodies came when the earth kept at rest, 
and they were carried round it ; showing that 
they rise and set in the same points of the ho- 
rizon, and at the same time in the hour-circle, 
■ whether the motion be in the earth or in the 
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heavens. If the earthly globe be turned^ the 
hour-index goes round its hour-circle ; but if 
the sphere be turned^ the hour-circle goes 
round below the index. 

And so^ by this construction^ the machine is 
equally fitted to show either the real motion 
of the earth; or the apparent motion, of the 
heavens. 

To rectify the sphere for use, first slackeu 
the screw r in the upright stem Ry and tak* 
ing hold of the arm Q^ move it up or down 
until the given degree of latitude for any place 
be at the side bf the stem R ; and then the 
axis of the sphere will be properly elevated, 
so^s to stand parallel to the axis of. the world, 
if%ie machine be set north and south by a 
small compass : this done, count the latitude 
from the north pole, upon the celestial meri- 
dian LLy down toward the north notch of the 
horizon, and set the horizon to that latitude ; 
then, turn the nut b until the sun Y comes to 
the given day of the year in the ecliptic, and 
the sun will be at its proper place for that 
day : find the place of the moon^s ascending 
node, and also the place of the moon, by an 
Ephcmeris, and set them right accordingly; 
lastly, turn the winch Wj until either the sun 
comes in the meridian LL^ or until the me« 
ridian comes to the sun, (according as you 
want the sphere or earth to move) and s^t the 
hour-index to the XII, marked noon, and the 
whole machine will be rectified. — Then turn 
the winch, and observe when the sun or moon 
lises or sets in the horizon, and the hour-in* 
dex will show the times thereof for the given 
day. 
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As those who midentaad ihe ase of the 
globes^ will be at no loss to work many other 
moblems by this sphere, it is needless to en- 
large any further upon it. 



END OF THB FIRST YOLXJME. 
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